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ABSTRACT OF THE DISSERTATION 
The Relation of Weight Loss and Improved Fitness to Survival in Healthy Males 
by 
Joanna Lynn Bokovoy 
Doctor of Public Health in Preventive Care 
Loma Linda University, Loma Linda California, 1998 
Professor Jerry Lee, Chairman 
Obesity is a critical public health problem because of its prevalence, medical and 
psychosocial effects, and resistance to intervention. Weight loss in overweight individuals 
has been encouraged by the United States Public Health Service and by the medical 
community as a means for improving health. However, recent studies have suggested 
either positive or negative effects of weight loss on survival. It is possible that physical 
fitness may have a confounding effect, or be an effect modifier on survival in weight loss 
studies. 
This study used Cox Regression analysis to address the separate and combined 
association of weight loss and improved fitness to all-cause mortality. A two-visit, 
apparently healthy, initially low fit, overweight male subset (n = 1,616), age 20 to 65 
years, from the Aerobics Center Longitudinal Study was selected. Males were grouped 
according to the following weight and fitness change combinations between first and 
second visits: 1. Weight same, fitness same; 2. Weight same, fitness increase; 
3. Weight loss, fitness same; 4. Weight loss, fitness increase. 
The risk of those who maintained their obese condition was not significantly worse 
than the risk of those who reduced their weight (RR = 1.8; 95% CI = .3 - 11.4). The risk 
for those who maintained their low fitness was 8.9 times higher than the risk of those who 
111 
improved their fitness (RR = 8.9; 95% CI = 1.3 - .58.4). The reduced risk associated with 
improved fitness was not significantly stronger for those who lost weight than for those 
who maintained their obese status. 
Supported by NIH AG06945 
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Chapter 1. INTRODUCTION 
Definition of the Problem 
Obesity is a major public health concern in the United States, with annual health 
cost of illness related to obesity currently estimated at around $68 billion (Wolf & Colditz, 
1994), a $16 billion increase over the estimate reported in 1992 (Colditz, 1992). Research 
indicates that U.S. adults continue to gain excess weight, despite increases in voluntary 
weight loss seen over the past forty years (Flegal, Harlan, & Landis, 1988; Kuczmarski, 
1992; Kuczmarski, Flegal, Campbell, & Johnson, 1994; Shah, Hannan & Jeffrey, 1991). 
This evidence has serious public health implications, since weight gain in overweight 
individuals has the well established health threats of increased cardiac mortality from 
elevated serum lipid, glucose, and insulin levels, high blood pressure measurements, 
diabetes, and some cancers (Hubert, Feinleib, McNamara, & CasteIli, 1983; Kromhout, 
1983; Lew & Garfinkel, 1978). 
Data from NHANES-III indicate that 34% of all individuals in the United States, 
20-74 years of age, were overweight (Kuczmarski et al., 1994). They defined overweight 
as a body mass index (BMI=weight in kilograms/height in meters, squared) greater than or 
equal to the 85th percentile values of BMI distributions for 20-29 year old men and 
women. Overweight in individuals older than 29 years of age was defined as BMI 27.8 
kg/m2 for men and BMI 27.3 kg/m2 for women. 
The US Department of Health and Human Services, Public Health Service (1994) 
Healthy People 2000 report cites many specific objectives targeted at reducing the number 
of overweight individuals in the population and recommends a reduction in the prevalence 
of obesity to 20% in adults, age 20 to 74 years, by the year 2000. However, this specific 
recommendation alone, apart from encouraging other health habits, should be given with 
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caution. While some research indicate that overweight individuals who lose weight may 
have decreased mortality risks (Dublin, 1953; Lean, Powrie, Anderson, & Garthwaite, 
1990; Wannamethee & Shaper, 1990), other research report greater mortality risks in 
overweight individuals who lose weight than those who maintain their weight (Garrison & 
Castelli, 1985; Lee & Paffenbarger, 1992; Pamuk, Williamson, Serdula, Madans, & 
Byers, 1993; Wilcosky, Hyde, Anderson, Bangdiwula, & Duncan, 1990). 
Purpose of the Study 
The primary purpose of this study was to address the separate and combined 
association of weight loss and increased fitness to all-cause mortality in initially 
overweight, low fit individuals. I chose this topic because it seemed possible that the 
relation between weight loss and mortality risk in overweight individuals might be the 
result of the confounding effects of other variables, such as physical fitness level. I 
initially addressed this issue in a multivariate framework with all-cause mortality as the 
dependent variable and age, smoking status, weight, fitness (treadmill time in minutes), 
fasting serum glucose, cholesterol, triglycerides, systolic and diastolic blood pressure, and 
changes in these values as the possible control variables. 
Research Questions 
1. What is the separate and combined association of weight, physical fitness, weight 
loss, or fitness gain with survival? 
2. What is the mortality risk for overweight individuals who lose weight and are 
physically fit compared to those who lose weight and are not physically fit? 
3. Does improved physical fitness level in overweight, low fit individuals have a 
protective effect on the adverse mortality consequences associated with weight loss? 
2 
Definitions 
ACLS: Aerobics Center Longitudinal Study, a prospective study using healthy, 
primarily middle-to upper-class individuals who have come to the Cooper Clinic in Dallas, 
Texas, for at least one preventive care examination. 
BMI: Body Mass Index, or Quintelet Index. BMI equals weight in kilograms 
divided by height in meters, squared. 
BMI Category Classification: Eight categories of weight classification, using BMI 
ranges. These range categories include medically significant starvation, normal weight, 
and five levels of obesity (Table 1.1). 
Fitness Change Category: Category of fitness change 	(no change, increase, 
decrease) between first and second visit. Change was defined as increasing or decreasing 
by at least one of the fitness levels of the ACLS Physical Fitness Quintiles (Table 1.2), as 
determined by treadmill time, age, and sex. No change was determined if person remained 
in the same fitness level for both visits. 
Modified Balke Stress Test: Protocol used in the ACLS research to determine 
physical fitness. (See note on table 1.2 for description of protocol.) 
Overweight: Defined as a BMI 25 kg/m2 for this study. 
Physical Fitness: The total duration of time of a maximal exercise treadmill test in 
minutes and seconds. 
Physical Fitness Quintiles: Based on quintiles of fitness for entire ACLS 
population used in previous studies (Table 1.2). Classification of fitness level, from low to 
high, was based on age, gender, and total treadmill times from a modified Balke maximal 
exercise treadmill test. 
Weight Change Categories: Category of weight change 	(no change, loss, or gain) 
3 
Table 1.1 






Percent of Desirable 
Weight 
Super morbid Obesity >50 6 225% 
Morbid obesity 45 5 200% 
Super obesity 40 4 180% 
Medically significant 35 3 160% 
Obesity 30 2 135% 
Overweight 25 1 110% 
Desirable weight 22 0 100% 
Medically significant 
starvation 15 -3 70% 
Note. This table was developed by the Nutrition/Metabolism Laboratory, Cancer 
Research Institute, Boston, MA, and represents a way of using the body mass index for 
medical classification of obesity. Percent of desirable weight was determined using the 
154 pound Reference Man. From "Evaluation and Treatment of the Medically Obese 
Patient with Cardiovascular Disease," by G. Blackburn and B. Kanders, 1987, 
American Journal of Cardiology, 60, p. 55G-58G. Reprinted with permission 
of the author. 
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Table 1.2 







































1 (low) 512:01 5.. 9.01 5 7:32 5 6.77 
40-49 2 12:02 9.02 7:33 6.78 
3 14:52 10.28 10:00 8.00 
4 17:01 11.22 11:25 8.71 
5 (high) ?..20:01 12.49 13:35 ?_ 9.79 
1 (low) 5. 10:00 5 8.09 5. 5:59 5 5.99 
2 10:01 8.10 	. 6:00 6.00 
50-59 3 12:30 9.23 7:30 6.75 
4 15:00 10.34 9:30 7.75 
5 (high) 1.8:00 _11.64 .?.11:20 ?_ 8.67 
1 (low) 5 6:39 5 6.53 5. 4:59 5 5.49 
2 6:40 6.54 5:00 5.50 
60+ 3 9:45 7.98 6:01 6.01 
4 12:00 9.00 8:00 7.00 
5 (high) 15:02 ?_10.35 ..10:15 8.13 
Note. From "Physical Fitness and All-Cause Mortality: A Prospective Study of Healthy 
Men and Women," by S. N. Blair, H. W. Kohl, R. S. Paffenbarger, D. G. Clark, K. W. 
Cooper, and L. W. Gibbons, 1989, Journal of the American Medical Association, 262, 
2395-2401. Reprinted with permission of the author. 
axBased on the Cooper Clinic Balke Treadmill Protocol: 3.3 mph, 0% elevation for first 
minute, 2% elevation for second minute, +1% elevation for each additional minute to 25% 
elevation, then =.2 mph each additional minute until exhaustion, from "A Comparative 
Analysis of Four Protocols for Maximal Treadmill Testing," by M. L. Pollock, R. L 
Bohannon, K. H. Cooper, J. J. Ayres, A. Ward, S. R. White, and A. C. Linnerud, 1976, 
American Heart Journal, 92, 39-46. 
bEstimate based on the equation VO2max (ml•kg-i.min-l) = 1.444(timemin) + 14.99 from "A 
Comparative Analysis of Four Protocols for Maximal Treadmill Testing," by M. L. 
Pollock et al., 1976, American Heart Journal, 92, 39-46. 
dEstimate based on "American Heart Association Exercise Testing and Training of 
Apparently Healthy Individuals: A Handbook for Physicians," by American Heart 
Association, 1972, National Academy Press, Washington, D.C., 13. 
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between first and second visit. Change was defined as increasing or decreasing by at least 
one weight classification (Table 1.1). No change was determined if person remained in the 
same weight classification for both visits. 
Weight and Fitness Change Combination Groups. Combination of weight change 
(weight same, weight loss, weight gain) and fitness change (fitness same, fitness increase, 
fitness decrease) between baseline and second visit. Numbers of males and females from 
the two-visit ACLS cohort for each weight and fitness change combination group are 
reported in Table 1.3. 
Assumptions of the Study 
The main assumption in this study was that the diverse effects of weight loss on 
longevity might be due to the influence of factors other than the weight loss by itself. 
There is considerable evidence in the literature supporting the benefits of weight loss in 
overweight individuals (Bjorntorp & Brodoff, 1992; Dattilo & Kris-Etherton, 1992; 
Hypertension Prevention Trial Research Group, 1990), and some evidence indicating 
detrimental effects to health and longevity (Garrison & Castelli, 1985; Pamuk et al., 1993; 
Wilcosky et al., 1990). The purpose of this study was not to see if weight loss decreased 
risk of disease, but to determine if improved physical fitness demonstrated a protective 
effect on longevity in individuals who lost weight. I speculated that weight loss associated 
with improved fitness might have better effects on longevity than weight loss without 
improved fitness. 
I assumed that treadmill time is an objective measurement of an individual's 
physical fitness and the result of more than just genetics or high levels of physical activity. 
I assumed that a higher treadmill time would reflect an overall healthier lifestyle than a 
lower treadmill time. Prospective studies have shown a strong inverse relation between 
physical fitness and mortality (Blair et al., 1989; Ekelund et al., 1988). 
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Table 1.3 
Sample Size from ACLS Two-Visit Subset for Combinations of Weight 
Classification Change and Fitness Level Change Between Visits 
Fitness Same 
	
Fitness Increase 	Fitness Decrease 
n = male (female) n = male (female) n = male (female) 
Weight Same 3,458 (628) 3,333 (537) 563 (87) 
Weight Loss 489 (82) 884 (115) 50 (8) 
Weight Gain 646 (97) 497 (102) 179 (41) 
Note: This table represents all the possible combinations between change in BMI and 
change in fitness between first and second visits. 
7 
I assumed that unhealthy causes of weight loss, which include cancer, AIDS, and 
other diseases, would likely be associated with a decrease in fitness. Thus, the weight and 
fitness combination group which decreased in both weight and fitness was not used in the 
analysis. Likewise, individuals who had their initial BMI (kg/m2) categorized as normal or 
less than normal were excluded from the analysis group. This was done since there was 
not sufficient information available on either the reason or methods for weight loss, 
preventing adequate determination of health risks associated with weight loss in the normal 
and less than normal weight groups. 
Another assumption I made before beginning my analysis was that between any 
two of the four weight and fitness change combinations (i.e., no change in weight and no 
change in fitness; no change in weight and increase in fitness; weight loss and no change in 
fitness; and weight loss and increase in fitness) the estimated survival ratio across time 
would be constant (Norusis, 1993, p. 278). This assumption of proportional hazards 
implied that the cumulative survival curves between the weight and fitness change 
combinations would not cross. 
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Chapter 2. LITERATURE REVIEW: OBESITY, WEIGHT LOSS, 
PHYSICAL FITNESS, AND MORTALITY 
Introduction 
Obesity remains a serious problem in the United States despite the common 
knowledge that it has significant adverse effects on an individual's health (National 
Research Council, 1989). It has even been called the "number one public health problem in 
America" (National Institute of Health Publication, 1979). Annual health cost of illness 
related to obesity is currently estimated at around $68 billion (Wolf & Colditz, 1994), a $16 
billion increase over the estimate reported in 1992 (Colditz, 1992). Cardiovascular disease, 
the leading cause of death and disability in the Western world, is independently associated 
with a high waist-to-hip ratio in obese individuals (Hubert et al., 1983; Manson et al., 
1990). 
Weight loss, long considered a necessary recommendation for obese individuals to 
improve many cardiovascular risk factors and enhance diabetic control, has recently been 
associated with increased morbidity and mortality risk in several longitudinal studies (Blair, 
Shaten, Brownell, Collins, 8z. Lissner, 1993; Deeg, Miles, & Van Zonneveld, 1990; Lee & 
Paffenbarger, 1992; Manson et al., 1990; Pamuk, Williamson, & Madans, 1992). These 
studies examine possible reasons for this association and indicate that further research is 
needed in this area. Since one quarter to one third of Americans are overweight, and up to 
40% of women and 24% of men are trying to lose weight at any particular time, these 
research findings raise serious concerns (National Institutes of Health Technology 
Assessment Conference Panel, 1993). A recent American Heart Association Prevention 
Conference on Obesity assigned high priority to research to study the effects of weight 
loss, weight gain, and weight cycling on medical and psychosocial outcomes and mortality 
(St. Jeor et al., 1993). 
Physical activity and physical fitness have a positive impact on health. In addition 
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to the possible beneficial effect of exercise on weight loss and maintenance, higher levels of 
physical activity and physical fitness may benefit overweight persons in other ways. 
Prospective studies show an inverse association between exercise or fitness level and 
morbidity and mortality in overweight men and women (Blair et al., 1989; Helmrich, 
Ragland, Leung, & Paffenbarger, 1991; Manson et al., 1991; Morris, Clayton, Everitt, 
Semmence, & Burgess, 1990; Paffenbarger, Hyde, Wing, & Hsieh, 1986). Recent 
population-based studies have shown that physically active, physically fit men and women 
have lower waist-to-hip ratios than do their sedentary counterparts (Seidell et al., 1991; 
Tremblay et al., 1990; Troisi, Heinold, Vokonas, & Weiss, 1991; Wing, Matthews, 
Kuller, Meilahn, & Plantinga, 1991). 
To summarize, obesity is a prevalent, serious, and costly problem in the United 
States. Weight loss is considered an important health recommendation for overweight 
individuals, yet may in fact increase mortality for unknown reasons. Physical fitness, 
however, is consistently associated with decreased mortality. This review looks at the 
separate and combined association of obesity, weight loss, and improved physical fitness 
on mortality with the hope of gaining insight into the puzzling question. 
Genetics and Biological Factors of Obesity 
Genetics and a number of accompanying biological factors have strong influences 
on an individuals's body weight and shape. Estimates of the variance in body mass index 
(weight in kilograms divided by height in meters squared) that can be explained by genetics 
range from 25% to 70% (Bouchard et al., 1990; Stunkard, Harris, Pedersen, & McClearn, 
1990). Body fat distribution and resting metabolic rate (RMR) may also have significant 
genetic components (Bouchard et al., 1989). It is possible that physiological changes will 
occur to counter attempts to lower weight. Variables such as RMR and adipose tissue 
lipoprotein lipase activity do change with weight loss to inhibit further loss or to promote 
regain (Bjorntorp & Brodoff, 1992). 
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The environment also affects weight in significant ways (Sobal & Stunkard, 1989). 
Social status, availability of food, food types, and other environmental factors appear to 
strongly influence the occurrence of overweight in a culture or signify that an individual 
within the culture will be overweight (Brownell & Wadden, 1992; Sobal & Stunkard, 
1989). The prevalence of overweight in the United States, which has doubled since 1900 
and corresponds to changes in food stores, energy-saving tools, and declining physical 
activity is strong evidence of an environmental impact on changes in weight (Brownell & 
Rodin, 1994). 
Regular physical activity and a diet low in fat clearly restrict a genetic inclination 
toward obesity in animals (Sclafani, 1980). Obesity concordance rates are significantly 
lower in heavier than in lighter twin pairs (36% vs. 60%, respectively), thus some 
individuals are genetically susceptible to obesity but prevent its occurrence by their 
selection of beneficial environments (Price & Stunkard, 1989). Two key factors influenced 
by genetics may be increased fat cell number and low metabolic rate (Brownell & Wadden, 
1992). 
Health Risks Associated with Obesity 
Obesity has been identified as a leading cause of morbidity and mortality in the 
United States (Colditz, 1992; Manson et al., 1990). The literature consistently reports that 
greater levels of excess weight are associated with increased risk of cardiovascular 
morbidity and mortality (Bjorntorp et al., 1992; Bray, 1992; Lee, Manson, Hennekens, & 
Paffenbarger, 1993). Still, much controversy remains over the dangers of obesity. One 
source of disagreement is the exact degree of overweight where increased health risks are 
seen. The numbers have ranged from as little as 5% overweight (Manson et al., 1990) to 
the standard 20% - 30% (National Academy of Scilences, National Research Council, 
1989). Confusion over this matter, the possibility that moderate weight gain is acceptable 
as people age (Andres, Muller, & Sorkin, 1993), and methodologic limitations in existing 
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studies have been used to support the debate that obesity may not be harmful (Wooley & 
Gamer, 1991). A key issue in evaluating the potential benefits of dieting and weight loss 
is whether there is a threshold at which health risks increase or whether there are linear 
increases in health risks that correlate to weight gain (Willett, 1990). 
Obesity is associated with increased risk of hypertension, diabetes, cardiovascular 
disease, and other illness (Bray, 1986; Pi-Sunyer, 1991), and costs our nation over $68 
billion every year (Wolf & Colditz, 1994). Fat found in the upper body and located in the 
intra-abdominal area is associated with greater risk of disease than fat carried in the lower 
body or located in the subcutaneous abdominal area (Bjorntorp et al., 1992; Sjostrom, 
1992). There is a strong relation between intra-abdominal fat and glucose intolerance, 
hyperlipidemia, and high blood pressure (Despres et al., 1990; Fujioka, Matsuzawa, 
Tokunga, & Tarui, 1987; Lapidus et al., 1984, 1989). These studies suggest that intra-
abdominal fat deposits may play a more significant pathogenic role or more conclusively 
reflect an underlying metabolic disorder than do the deposits of subcutaneous fat. 
In a study of abdominal obesity and mortality risk in 163,567 overweight males 
from the nineteenth century, using actuarial data, Kahn and Williamson (1994) found that 
abdominal obesity increased with age and with the degree of overweight. They also noted 
that moderately overweight males with abdominal obesity experienced 133% of the 
expected mortality rates compared to 112% of the expected mortality rate for those who 
were not abdominally obese. Among severely overweight males with abdominal obesity, 
152% of the expected mortality was observed compared to 135% of the expected mortality 
for severely overweight men who were not abdominally obese. 
Abdominal obesity also has been associated with behavioral and psychosocial risk 
factors in women, including mental disorders, accident proneness, and high levels of 
anger, anxiety, and depression (Lapidus, Bengtsson, Hallstrom, & Bjorntorp, 1989; Wing 
et al., 1991). Bjorntorp et aL (1992) proposes that an arousal syndrome resulting from 
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chronic stress may be responsible for fat deposits in the abdominal area. A recent animal 
study supporting this theory was done by Jayo, Shively, Kaplan, and Manuck (1993). 
They studied the effects of exercise and stress on body fat distribution in monkeys and 
found that stressed monkeys in both the exercise and sedentary groups had more intra-
abdominal fat than did their nonstressed counterparts. 
Weight Loss and Associated Risks 
Most data on weight loss and maintenance are from clinical trials performed in 
university settings. These studies, over the past 20, show dramatic progress in the initial 
amount of weight loss through the use of behavior modification and use of very-low-
calorie diets (Brownell et al., 1992). Most current studies have longer follow-up periods 
and show maintenance times of up to one year. Unfortunately, follow-up periods beyond 
one year are rare, and most individuals tend to return to their baseline weights after this 
time (Wadden, Sternberg, Letizia, Stunkard, & Foster, 1989). Although the total number 
of subjects in these studies is several hundred, these data have been interpreted as 
demonstrating conclusively that diets are ineffective for long-term weight loss (Garner & 
Wooley, 1991; Goodrick & Foreyt, 1991). 
Obesity clinic patients may differ from overweight individuals in the general 
population. Among individuals receiving clinical treatment for obesity, 25% - 50% are 
binge eaters, while less than 5% of obese persons in the general population are binge eaters 
(Marcus, Wing, & Lamparski, 1985; Spitzer et al., 1992). 
Excess weight brings excess risk and results in significant medical, social, and 
personal costs (Bray, 1986). Weight loss is encouraged as a solution, yet an association of 
weight loss with increased mortality has appeared in a sufficient number of studies to cause 
alarm (Garrison & Castelli, 1985; Pamuk et al., 1993; Wilcosky et al., 1990). In a recent 
review on medical benefits and adverse effects of weight loss, Pi-Sunyer (1993) noted that 
some studies showed weight loss in obese subjects may increase risk of gallstones, protein 
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and uric acid imbalance, fluid and electrolyte problems, liver dysfunction, hypotension, 
hair loss, and cold intolerance. He did not feel that these effects were severe enough to 
contraindicate weight loss, but indicated that more research is needed in the area of weight 
loss and health risks. 
Weight loss studies involving a small to moderate decrease of overweight show 
only small to moderate increase in risk, but even in these cases, factors such as body fat 
distribution and elevated blood pressure can greatly increase the risk associated with 
obesity (National Academy of Sciences, National Research Council, 1989). 
Effects of Weight Change on Morbidity and Mortality 
Few studies have examined the effects of weight loss on morbidity and mortality. 
While a longitudinal study with random assignment to weight-loss and no-weight-loss 
groups, with sufficient sample size to examine mortality, would address this question, it 
would be costly and difficult. Also, there would be ethical considerations for overweight 
individuals in the no-weight-loss group. 
The few studies on weight loss and mortality show inconsistencies. Early studies 
showed an association between weight loss and decreased mortality (Dublin, 1953) or with 
few significant changes (Hammond & Garfinkel, 1969). Studies which examined 
cardiovascular risk factors usually showed beneficial changes with weight loss (Bjorntorp 
et al., 1992; Dattilo & Kris-Etherton, 1992; Hyper-tension Prevention Trial Research 
Group, 1990). Recent studies on the relation of weight loss and mortality have shown 
both positive and negative results. In a prospective study of 7,275 British men, a 10% 
reduction in cardiovascular mortality was noted in individuals who lost more than 10% of 
their initial weight and a 50% reduction in risk for obese men (Wannamethee & Shaper, 
1990). A study of Type II diabetics showed that a 10-kg weight loss was associated with 
an estimated 35% increase in longevity (Lean et al., 1990). 
Williamson and Pamuk (1993), in a recent review of six studies reporting increased 
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longevity after weight loss, found that although each of the studies reported an association 
between weight loss and decreased mortality, two of the studies did not provide data to 
support this finding. Two other studies from this review found that mortality actually 
increased among some subgroups of persons who lost weight. Also, while data from the 
two life insurance studies reviewed consistently supported a positive benefit of weight loss 
on longevity, Williamson and Pamuk felt they had two potential biases: greater medical 
screening for those who lost weight and no control for differences in smoking status 
between those who did and did not lose weight. In conclusion, Williamson and Pamuk felt 
that none of the studies adequately controlled for differences in prevalent disease between 
the comparison and weight-loss groups or adequately differentiated between voluntary and 
involuntary weight loss. 
Reports from other studies, however, show an increased mortality in individuals 
who lose weight (Garrison et al., 1985; Pamuk et al., 1993; Wilcosky et al., 1990). 
However, it is uncertain if the increased mortality is caused by weight change, disease, 
unhealthful practices which cause weight loss, or other unknown factors. 
Potential harmful effects from dieting have been noted (Brownell, 1991; Ciliska, 
1990; Fairburn & Wilson, 1993; Garner etal., 1991; Rodin, 1992; Wilson, 1993). One 
concern is depression in overweight people who lose weight. While prospective studies 
show individuals losing weight to have decreased depression, retrospective studies show 
increased depression during dieting (Smoller, Wadden, & Stunkard, 1987). 
Studies on weight fluctuation show that increased weight variability is associated 
with mortality from cardiovascular disease and from all causes (Blair & Paffenbarger, 
1993; Blair, Shaten et al., 1993; Hamm, Shekelle, & Stamler, 1989; Lissner, Andres, 
Muller, & Shimokata, 1989; Lissner et al., 1991) or that no relationship exists (Lissner et 
al., 1989; Stevens & Lissner, 1990). There are more studies with positive than negative 
findings when the strength of various studies are considered (sample size, number of 
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weight measurements, length of follow-up, etc.), which suggests a link between variability 
in weight and chronic disease outcome (Brownell et al., 1994). 
Eating disorders can increase an individual's health risks, but it is uncertain whether 
dieting is causally associated with eating disorders (Polivy & Herman, 1985; Wilson, 
1993). There is a strong correlation between dieting and binge eating, but in approximately 
one half of normal weight individuals with binge eating disorders, 50% report the disorder 
began before they began dieting (Spitzer et al., 1992; Yanovski, 1993). Existing data on 
obese individuals suggest that weight loss does not increase binge eating behavior and may 
even significantly reduce binge eating (Agras et al., 1994; Telch & Agras, 1993). 
Effects of Physical Fitness on Morbidity and Mortality 
Both physical activity and physical or physiological fitness are variables capable of 
improving health and longevity (Paffenbarger, Hyde, & Wing, 1990). They are different 
in that physical activity is a process and fitness is a condition. Physical activity is a 
dynamic, ongoing concept, and fitness is a static or cross-sectional concept. 
Blair and other researchers at the Cooper Institute for Aerobics Research in Dallas, 
Texas used treadmill performance in 10,244 men and 3,120 women aged 20 to 60+ years, 
over an average of 8+ years or 110,482 person-years, to assess fitness and for all-cause 
mortality (Blair et al., 1989). They found that mortality rates were lowest (18.6 per 10,000 
person-years) among the most fit and highest (64.0 per 10,000 person-years) among the 
least fit men. Women's corresponding rates for this study were 8.5 and 39.5. 
A Canadian population study, in a 7-year follow-up of a representative sample, 
used a home fitness test to measure fitness (Arraiz, Wigle, & Mao, 1992). They identified 
807 subjects (37%) as having acceptable levels of fitness, 375 (17%) with minimally 
acceptable levels of fitness, and 992 (46%) with unacceptable levels of fitness. When 
compared with the most fit, subjects with minimally acceptable levels of fitness had a 
relative risk of all-cause mortality of 1.6 (95% CI=0.6-4.2), and subjects with unacceptable 
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fitness levels had a relative risk for all-cause mortality of 2.7 (95% CI=1.4-5.5). 
Relation of Physical Fitness and Physical Activity to Weight Loss 
Physical activity is often prescribed as a treatment for obesity (Miles, 1991). 
Studies have shown that exercise improves carbohydrate and lipid metabolic profiles and 
decreases the amount of abdominal fat in both men and women (Depres et al., 1988, 
1991). 
Volunteer-based studies consistently report that athletes and active individuals are 
leaner than their sedentary, age-matched controls (who are often recruited from sources 
much different from those of the active subjects (Wilmore, 1983). A recent meta-analysis 
by Ballor and Keesey (1991) assessed the effects of type, duration, and frequency of 
exercise training on changes in body mass, fat mass, fat-free mass, and percent body fat 
both for adult males and females. Studies that contained at least five subjects per group and 
did not mix genders were included in the analysis if they also reported: pre- and 
postintervention body mass and percent body fat; adequate information to estimate exercise 
energy expenditure (except for weight training); type of exercise, with no mixing of 
exercise mode; and inclusion only of individuals who were sedentary at the outset. Studies 
that involved exercise sessions of longer than 60 minutes or programs of greater than 36 
weeks were excluded, but the rationale for this was not presented. Studies involving 
subjects on weight reduction programs were also excluded. In the 53 studies that met these 
criteria (41 on men and 12 on women), weight loss, after aerobic-type exercise training, 
was shown to be moderate in both sexes, but greater for males. All exercise was 
associated with reduction in fat mass. The large increase in fat-free mass reported with 
cycling and weight training exercise in males resulted in an actual fat mass loss greater than 
their total weight loss. No studies of weight training in females were included in the 
analysis. Energy expended during exercise and initial body fat levels or body mass 
accounted for most of the variance associated with changes in body composition. In 
17 
females, weeks of training and duration of exercise per session were also significant 
predictors of changes in body composition. 
In a recent review, King and Tribble (1991) tabulated several weight loss studies 
involving exercise for the arms only and concluded that the programs which achieved the 
most weight loss either involved intensive training programs or were of relatively long 
duration. They concluded that since fat weight loss is a slow, steady process that can be 
obscured by changes in lean weight if an exercise program causes initial increases in 
muscle mass and total weight is the only measure available, studies focusing on fat weight 
loss should be of at least 12 weeks' duration. 
A recent meta-analysis of 28 studies by Garrow and Summerbell (1995) indicates 
that aerobic exercise, without dieting, results in a moderate loss of weight and aerobic 
exercise with dieting was shown to provide some preservation of fat free mass. 
Most of the studies evaluating the effects of weight loss on physical fitness were 
done on athletes. Fogelholm (1994), in a recent review of studies examining the effects of 
weight loss on sports performance, found that VO2max (L/min) might be decreased or 
maintained after weight loss. He further noted that when body weight was added to the 
VO2max equation, (ml/kg/min), an increase might be seen as a result of the weight lost and 
not because of improved fitness. The effects of weight loss on fitness in the obese may 
show similar trends, but initial weight, amount of weight loss, diet composition, and type 
of exercise all appear to contribute to whether physical fitness is maintained, improved, or 
decreased (Garrow et al., 1995; Pavlou, Steffe, Learman, & Burrows, 1985; Walberg, 
1992, 1995). In a 6-week study by Bogardus, LaGrange, Horton, and Sims (1981), 
obese individuals on a 1% carbohydrate very-low-calorie diet had a decrease in physical 
fitness, while obese individuals on a higher carbohydrate (36%) diet had an increase in 
physical fitness. There was no exercise intervention in this study. In a 4-week study by 
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Walberg, Ruiz, Tarlton, Hinkle, and Thye (1988), an increase in physical fitness was seen 
in obese individuals who consumed a 33% carbohydrate, very-low-calorie diet and 
exercised 3 times a week. 
Lim and Lee (1994) studied the relation of aerobic fitness, VO2max, and body fat in 
obese, Singaporian male recruits participating in a 20-week military training program. 
They reported a significant (p < .05), but mild, increase in VO2max (4 ml•kg-1•min-1), a 
significant (p < .0001) decrease in total body weight and body fat (108.33±13.1 kg to 
90.82±12.3 kg, and 34.3±1.2% to 23.9±2.3%, respectively), and preservation of fat free 
weight. 
Relation of Aging to Obesity, Weight Loss, Physical Fitness and Mortality 
The relation between weight and mortality risk in old age is unclear. The relation 
between weight and mortality in middle age is characterized as a U—shaped or J—shaped 
curve (Harris et al., 1988; Cornoni—Huntley et al., 1991). When adjusting for baseline 
smoking and illness, there was a reduction in risk of death associated with thinness and 
excess risk of mortality remained for heavier individuals A U—shaped mortality curve for 
weight flattened with advancing age and appeared almost horizontal for individuals age 80 
and older in a Norwegian study (Waaler, 1984). However, a Finnish study of 1,137 men 
and women aged 84-88 years showed lowest death rates for the heaviest persons and 
highest death rates after three years for the thinnest individuals (Rajala et al., 1990). 
Andres and his associates (1993) found an increased mortality risk associated with low 
weight in older individuals and suggest that moderate weight gain with aging may be 
protective. A recent prospective study of 6,387 white men and women community 
residents, aged 70 years and older, in four communities, reported a positive association 
between body mass index in middle age and risk of mortality in old age (Losonczy et al., 
1995). However, in these same individuals, an inverse association between body mass 
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index in old age and risk of death was found, with a greater risk associated with low 
weight. 
Studies show that between age 20 and 50 there is usually an increase in body 
weight, with a moderate loss in body weight after age 70 (Borkan, Hults, Gerzof, 
Robbins, & Silbert, 1983; Silver, Guillen, Kahl, & Morley, 1993). Other studies indicate 
that after age 40, most individuals show a steady loss of fat-free mass, with a cumulative 
loss in fat-free mass of more than 40% in men and 20% in women (Shephard, 1990). This 
may have adverse effects on fitness in individuals who are inactive. Fat mass in the 
extremities remains stable or declines with age, but large, disproportionate increases of fat 
mass are seen in the abdominal area (Shock, Greulich, & Andres, 1984). This distribution 
of body fat in older individuals is associated with the development of diabetes mellitus, 
hyperlipidemia, hypertension, and increased mortality from coronary artery disease (Enzi et 
al., 1986). Although abdominal fat distribution is much more prevalent in men than 
women, postmenopausal women have physical and metabolic tendencies towards 
accumulating abdominal fat deposits (Rebuffe-Scrive, Andersson, Olbe, & Bjorntorp, 
1989; Shimokata et al., 1989). 
Kohrt, Obert, and Holloszy (1992), in a well-designed study, reported that 
endurance exercise training can show favorable modifications in abdominal fat distribution 
in older males and females. This study compared the effect of endurance exercise training 
on changes in body composition and fat distribution in 60- to 70-year-old men (n = 47) and 
women (n = 46). The exercise program lasted 9 to 12 weeks and used walking and 
jogging as the primary sources of endurance exercise. Although the weight loss for men 
was higher than for women, there was no significant difference between the two gender 
groups. The weight loss for both men and women was from fat mass, with no change 
found in fat-free mass in either gender group. The largest absolute and relative changes 
were in the truncal area, thus reducing the risk of diseases associated with abdominal 
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obesity. Another recent study compared the effects of weight loss from diet alone and 
weight loss from the combination of diet and exercise on lipoproteins and body 
composition in 138 sedentary, nonsmoking, older Caucasian males (Dengel, Hagberg, 
Coon, Drinkwater, & Goldberg, 1994). There were significant improvements in 
lipoprotein values and body composition in both groups, but no significant differences 
between groups. This suggests that in older males, weight loss through either diet alone or 
when combined with aerobic exercise results in similar improvements in lipid levels and 
body composition. 
Physical fitness declines as people age (Caspersen 8z Merritt, 1992). The rate of 
this decline, demonstrated as a decrease in maximal aerobic performance, is almost 10% 
per decade in sedentary individuals compared with an approximate 5% decrease per decade 
in physically fit individuals (Dehn & Bruce, 1972; Fleg & Lakatta, 1988; Heath, Hagberg, 
Ehsani, & Holloszy, 1981). There is clear evidence showing that physiological and 
performance abilities can be improved by regular physical activity in older individuals 
(Kohrt, Malley, & Coggan, 1991; Meredith, Frontera, & Fisher, 1989; Rogers & Evans, 
1993). 
The relation of aging, physical fitness and obesity was summarized in a recent 
study of healthy obese older men (Meyers et al., 1991). The researchers report that 
physical inactivity, obesity, and abdominal body fat significantly contribute to the 
development of risk factors which predispose older individuals to disease and death after 
controlling for the effects of age on metabolic and cardiopulmonary function. 
Discussion 
Obesity remains a critical public health problem because of its prevalence, medical 
and psychosocial effects, and resistance to intervention. Weight loss in obese individuals 
has been encouraged by the United States Public Health Service and by the medical 
community as a means for improving health. However, recent studies indicate that weight 
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loss has either positive or negative effects on longevity. It is possible that, to some degree, 
these results may reflect either the consequences of unhealthy methods of weight loss, 
resulting in body weight fluctuation, inadequate nutrition, and loss of lean body mass, or 
the significant health benefits reported for loss of excess fat mass and maintenance of a 
stable body weight at a desirable level. Also, studies which do not adequately identify 
weight loss associated with prevalent and preclinical disease, determinants of future 
morbidity and mortality, or weight loss that is voluntary and associated with changes in 
lifestyle aimed at improving health, fitness, or appearance may confuse the risks and 
benefits of weight loss. Activities which lead to increased physical fitness can be a healthy 
component of a weight loss program. Since studies show that an increased physical fitness 
level is protective for cardiovascular and all-cause mortality, it is possible that it also may 
carry that same protective effect in overweight or obese individuals who lose weight. 
Negative health consequences are associated with aging. It is clear that improved 
physical fitness results in health benefits for older individuals. Higher levels of obesity in 
older individuals are associated with threats to health independent of aging, but the effects 
of weight loss on health in the older, obese individual remain unclear. Studies on weight 
loss and mortality should evaluate older individuals separate from younger and middle-aged 
individuals. 
This review looks at the separate and combined association of obesity, weight loss, 
and improved physical fitness on all-cause mortality and reveals a need for more research 
on this perplexing subject. 
Implications of Literature Review for Current Study 
This review led to the present study of the separate and combined association of 
weight loss and increased physical fitness to all-cause mortality in overweight, low fit 
males, age 20 to 65 years, from the Aerobics Center Longitudinal Study (ACLS). 
Although there are numerous studies on various health aspects of weight loss and physical 
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fitness in obese individuals, and even studies on how one affects the other, no data exist on 
the combined effect of weight loss and increased physical fitness on the mortality of obese 
individuals. 
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Chapter 3: METHODOLOGY 
Introduction 
The following information was received directly from the researchers involved in 
the Aerobics Center Longitudinal Study (ACLS) study at the Cooper Institute for Aerobics 
Research or was summarized from earlier published studies using the ACLS data (Blair et 
al., 1989; Blair, Kohl, Barlow & Gibbons, 1991; Kohl, Villegas, Gordon & Blair, 1992). 
Description of the Aerobics Center Longitudinal Study (ACLS) 
Data for this project are from free-living adults who elected to go to the Cooper 
Clinic for at least two preventive medical examinations between 1970 and 1989. This 
cohort is part of approximately 53,000 patients on whom data currently exists from 1970 
through the present. The clinic markets its program through mass media and business 
groups. The examinations are paid for by the individuals, their insurance companies, or 
their employers, and not by the ACLS or any other research project funds. The ACLS 
project staff is not involved in encouraging or discouraging individuals into coming or not 
coming for an examination. Social and economic factors that are beyond the control of the 
clinic and staff determine, in part, the demographics of the study population. 
Data on racial or ethnic group membership was not obtained on the cohort prior to 
1982. The 1982 mail survey included such a question, and in 1987 information on racial 
or ethnic group membership was added to the medical history questionnaire used for the 
clinical examination. Based on this subgroup information, less than 3% of study 
participants are minorities. 
Patients come from all 50 states and from several foreign countries. These 
individuals are well educated (approximately 80% are college graduates), and are from 
middle to upper socioeconomic strata. Most are self-referred, although a large, unknown 
number are referred by their employers for the examination. 
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The participants are representative of the middle and upper socioeconomic class 
from which they come. The ACLS population is not significantly different from other free-
living middle and upper socioeconomic strata men and women on exercise, fitness, and 
several important clinical variables and this population is not at low risk for morbidity and 
mortality. The ACLS population was compared to the College Alumni Study, the Canadian 
Fitness Survey, and the Lipid Research Clinics Program and found to have similar health 
and clinical measurements (Blair et al., 1989). 
A self-administered questionnaire (see Appendix A) with a brief statement about the 
research was completed at the initial clinic visit. The questionnaire asks about health 
behaviors, medical history, and demographic data, and does not include highly sensitive 
questions. All information is maintained in strictly confidential locked files. Patient names 
are used when administering the survey to link questionnaire data with clinic records. Once 
the analysis file is created, all identifiers are erased to protect confidentiality, and any data 
files shared with collaborators are sent without identifying data. The risks for the survey 
and data analysis are minimal. The guidelines and policies described here have been in 
effect throughout the study. There have been no complaints or breaches of confidentiality. 
The results of this project may not directly benefit the subjects and the risks to them 
seem acceptably low. These low risks appear to be balanced by the anticipated benefits to 
the scientific, medical, and world communities. Some risks are involved with the clinic 
visits, but the data analyzed in this study was already collected before this study began. 
Secondary analysis of data would not contribute risk to these patients. This research was 
approved by the Institutional Review Board at the Cooper Institute for Aerobics Research. 
Research Purpose and Design 
This current study used previously collected data from the ACLS, an on-going 
prospective study. Data was chosen on individuals (n = 12,650) who had at least two 
clinical examinations. Differences in measurement values between the two clinical 
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examinations were used to assess change or lack of change in physical fitness and change 
or lack of change in weight and the relation of these measures to mortality. Mean interval 
between examinations for this sample was 4.9 years, with a range of 2 days to 18.9 years. 
Mean follow-up from last examination to death was 4.2 years, with a range of 2 days to 
15.2 years. The subset of males (n = 1,616) selected for final analysis in this study had an 
exam interval greater than 30 days and remained alive for at least one year after their second 
examination. A detailed description of selection criteria for this subset is presented in the 
description of population selection section of this chapter. 
Mortality surveillance was done through Social Security Administration files, 
Department of Motor Vehicles, and other methods from 1970 - 1979 and ascertainment of 
death was achieved from the National Death Index of the National Center for Health 
Statistics from 1980 to 1989. (Blair, Kohl & Barlow, 1993). Death certificates were 
obtained and coded for underlying cause of death, and up to four contributing causes of 
death, by two trained nosologists with the use of the International Classification of 
Diseases, Ninth Revision (ICD-9). Individuals not classified as deceased from these 
methods up to the cut-off date of December 31, 1989 were considered as survivors to that 
date. 
Description of Population Selection 
Introduction  
This section begins with a general description of the two-visit ACLS cohort and is 
followed by a detailed description of how males were selected from that cohort for this 
study. 
ACLS Two-Visit Cohort  
Participants were chosen from 12,650 individuals given two preventive medical 
examinations at the Cooper Clinic during 1970-1989. Out of that sample, 81.3% were 
male (n = 10,288), 13.4% were female (n = 1,699), and 5.3% did not report their gender 
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(n = 669). These examinations included assessment of physical fitness b y maximal 
exercise stress tests and evaluation of health status. Participants were included in the study 
if they were residents of the United States at their first clinic visit, had a complete 
examination, and had a maximal treadmill exercise test at the baseline clinic visit. Out of 
that group, only persons achieving 85% of their maximum age-predicted heart rate were 
considered healthy at baseline. Persons not achieving this maximal heart rate standard were 
presumed to be more likely to have preexisting disease. Only individuals who were 
identified as healthy and asymptomatic from coronary heart disease during their baseline 
visit continued in the study (Cooper, 1970). Thus, excluding persons with these 
characteristics possibly reduces chance findings of an inverse relation between fitness and 
mortality. At baseline, all patients had no personal history of heart attack, hypertension, 
stroke, or diabetes; no resting electrocardiographic (ECG) abnormalities; and no abnormal 
responses on their exercise ECG. 
Selection Criteria for Subset of Initially Overweight, Low Fit Males, 
Age 20 to 65 Years  
Initially, I divided my sample population into the two gender groups because of 
reported gender differences for obesity, weight loss and physical fitness (Ballor et al., 
1991; Janssen, Graef, & Saris, 1989; Tremblay, Depres, Leblanc, & Bouchard, 1984; 
Zurlo et al., 1992). However, since there were not enough deaths of initially overweight, 
low fit females to allow analysis using the Cox Regression model, they were dropped from 
the study. Consequently, I limited my analysis to males. 
All ages were included in the study during the initial phase of my analysis. 
However, the resulting Cox Regression survival graph showed a flattening trend in the 
older ages. Some confusion exists regarding different trends in weight and health risks in 
the older population when compared with the middle-aged and younger population, with 
older age cut-off points ranging from 60 to 80 (Borkan et al., 1983; Silver et al., 1993; 
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Wilson, Anderson, Harris, Kannel & Castelli, 1994). After reviewing the literature, males 
were grouped into two categories: 1) Ages 20 to 65 years; and 2) Ages older than 65 
years. The resulting Cox Regression analysis between weight and fitness change groups 
for men older than age 65 was not significant. A slightly increased significance between 
groups was seen for men age 20 to 65 years; thus, only men age 20 to 65 years were 
included in this study. 	
• 
I selected males who had a BMI (weight in kilograms/height in meters, squared) 
greater than or equal to 25 (kg/m2) since I wished to observe weight loss in overweight or 
obese individuals. I chose only males who were classified in the lowest two levels of 
fitness, as determined by their treadmill time, age, and sex (see Table 1.2, p. 5), since 
these low fit males would have the greatest chances for improvement in fitness. Also, they 
would not have the protective effect of higher baseline fitness levels on their mortality, 
which might confuse the effects of weight loss on mortality in this study. These 
individuals were also required to have one of the following four weight change and fitness 
change combinations between their first and second visits: 
Weight 	 Fitness 	 Group 
1) Same (maintained) 	Same (maintained) 	WSFS 
2) Same 	 Increase 	 WSFI 
3) Loss 	 Same 	 WLFS 
4) Loss 	 Increase 	 WLFI 
Fitness change was established if an individual increased or decreased by at least 
one fitness level, as determined by their age, sex, and treadmill time, between visits (see 
Table 1.2, p. 6). If they remained in the same fitness category between first and second 
visits, they were classified as having no change in fitness. I chose only individuals who 
increased or maintained their fitness level between visits. Weight change was established if 
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an individual increased or decreased by at least one weight classification between first and 
second visits (see Table 1.1, p. 4). No weight change was determined if they remained in 
the same weight category between first and second visits. I chose only individuals who 
maintained or decreased their weight classification between visits. Using broad category 
· changes for both fitness and weight was the method chosen to determine change. This type
of change would seem more meaningful than a specific increase in treadmill time or a
specific percentage of weight decrease due to the highly variable time element between
visits and between· the subsequent death or cut-off date.
Other selection criteria included having an examination interval of at least 30 days 
(an adequate interval to show change), remaining alive for at least one year after their 
second clinic visit (to reduce the possibility that they came in for a check-up because they 
were not feeling well), and having a normal maximal treadmill stress test--normal ECG and 
achieving a maximum heart rate of at least 85% of their age-predicted maximum heart rate 
during their exercise treadmill test (factors associated with good health). 
Measurements 
Overview 
Each individual completed a detailed questionnaire consisting of demographic and 
health history information ( a copy of the questionnaire, last revised in 1987, is included in 
the Appendix A) at their initial clinic visit (Blair et al., 1989). An overnight fast of at least 
12 hours and an informed consent were required before each clinic visit. This baseline 
clinic visit consisted of a thorough physical fitness and health evaluation which included a 
maximal exercise treadmill test, body composition assessment, blood chemistry analysis, 
blood pressure measurement, and a physical examination by a physician. This database is 
unique for a large population study since it includes a variety of body fat measures and a 
maximal exercise treadmill test at each clinic visit. 
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Fitness Measurement 
Physical fitness was measured at baseline and subsequent clinic visits by a maximal 
treadmill exercise test, using a modified Balke protocol (Pollock, et al., 1976). Treadmill 
speed began at 3.3 mph. The grade was 0% for the first minute, 2% the second minute, 
and increased 1% each minute until 25 minutes. After 25 minutes, the grade did not change 
and speed was increased .2 mph each minute until test termination. Patients were 
encouraged to give maximal effort. Only participants who achieved at least 85% of their 
maximal age-predicted heart rate (220 - age in years) were included in this study. 
Treadmill time from the Modified Balke protocol used at the Cooper Clinic is highly 
correlated with measured maximal oxygen uptake in men (r = .92) and women (r = .94), 
the most widely accepted index of cardiorespiratory fitness (Pollock et al., 1976). The total 
treadmill test time in seconds, along with age and gender of participant, was used to 
classify each participant into a quintile of fitness. These quintile cutpoints were determined 
by Blair et al. (1989) in an earlier study using baseline treadmill time distributions for age 
groups and sex specific groups created on the entire ACLS study population. Individuals 
who increased their fitness by one or more of the fitness quintiles were classified as 
increasing their fitness in this study. Individuals who remained in the same fitness quintile 
for both visits were classified as having no change in fitness. 
There were 306 participants (2%) out of the 12,655 individuals in the two visit 
cohort from the ACLS population who were dropped from this study because they did not 
reach 85% of their maximum age predicted heart rate (220 - age) on their baseline exercise 
treadmill test. Another 688 (6%) were dropped because of missing treadmill time or 
maximum heart rate data from their baseline exercise treadmill test. 
Health of Participants  
Normal resting and exercising electrocardiograms (ECG) and no history or 
evidence of myocardial infarction, stroke, diabetes, or hypertension were required at both 
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examinations for an individual to be considered apparently healthy and for them to be 
included in this study (Cooper, 1970, Blair et al., 1989). 
Blood pressure was measured on a mercury sphygmomanometer using auscultatory 
techniques. Systolic pressure was recorded as the first sound, and diastolic pressure was 
recorded as the disappearance of sound. Serum blood samples were drawn by trained lab 
technicians and serum lipid and glucose levels were analyzed by automated methods, as 
described by Blair et al. (1989). 
Adiposity Measurements  
Height and weight were measured on a standard physician's balance beam scale and 
stadiometer and recorded in inches and pounds. These measurements were then converted 
to meters and kilograms, respectively. BMI was calculated using weight in kilograms 
divided by height in meters, squared. (BMI ranges are described in the statistical analysis 
section of this paper and reported in Table 1.1, p. 5.) Measures of adiposity are reported 
for each BMI range in Table 3.1. 
BMI is a simple measurement that is correlated closely with more direct measures of 
body fatness, r = .67 - .85 (Keys, Fidanza, Karvonen, Kimura & Taylor, 1972). Seven-
site skinfold thicknesses and waist girth were measured by a trained technician using 
techniques described by Pollock and Jackson (1984) and the sum of these seven-site 
skinfold measurements was used to determine percent of body fat. 
Percent body fat was also determined using underwater weights as described in 
earlier studies (Blair et al., 1991). These three measures of adiposity were limited to only a 
portion of the sample population for this study and did not provide adequate numbers to be 
used as a covariate in the Cox Regression analysis. Spearman correlation coefficients were 
used to correlate measures of adiposity on all of the ACLS males in the two visit sample, 
and then on the overweight, low fit males selected from that sample for this study. Using 
all the males from the ACLS two-visit sample, there was a high correlation, r = .8 
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Table 3.1 
Mean Adiposity Values for Weight Groups of Selected Males 
BMI (kg/m2) 
Adiposity Measures 25 - 29.9 30 - 34.9 35 - 39.9 40 - 44.9 45 -49.9 
BMI (kg/m2) 27.2 31.7 37.7 46.1 54.1 
(±1.3) (±1.2) (±2.1) (±.42) (±0.0) 
n = 1,120 n = 392 n = 100 n = 3 n = 1 
Waist Girth 95.4 105.5 117.2 138.0 152.0 
(±15.3) (±15.7) (±24.5) (±.71) (±0.0) 
n = 422 n = 214 n = 52 n = 2 n = 1 
% Body Fat: 
7-Site Skinfolds1  24.4% 28.9% 33.6% 37.6% 33.4% 
(±3.8) (±3.1) (±2.5) (±1.5) (±0.0) 
n = 424 n = 203 n =43 n = 2 n = 1 
Underwater Weight 24.0% 27.9% 33.1% 44.7% 48.5% 
(±6.1) (±5.9) (±4.7) (±0.0) (±0.0) 
n = 674 n= 198 n = 39 n = 1 n = 1 
Note. This Table presents mean and standard deviations of adiposity measures for each 
BMI group used in this study. Data is reported here to demonstrate the relation of other 
measures of adiposity with BMI. BMI was the primary measure of adiposity used in this 
study. 
Number is reported for adiposity measures with missing data. 
1Percent body fat measured and determined using methods described by Pollock and 
Jackson (1984). 
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(p < .0001, n = 5,599), between BMI and waist girth. BMI was correlated at r = .7 
(p < .0001, n = 5,586) with percent of body fat determined from seven-site skinfolds. 
Correlation between waist girth and BMI at second visit remained high, r = .8 
(p < .0001, n = 8,486). In the select, initially overweight, low fit male population BMI 
was highly correlated with waist girth, r = .8 (p < .0001, n = 691), and percent body fat 
from seven site skinfolds at r = .7 (p < .0001, n = 137). In this same select population, at 
the second visit, the correlation was high between both BMI and waist girth, r = .7 
(p < .0001, n = 1,203), and between BMI and percent body fat from seven-site skinfolds, 
r = .7 (p < .0001, n = 1,195). These results support the likelihood that BMI would be an 
adequate indicator of excess central adiposity for this study. 
Studies indicate that central adiposity is associated with increased risk for 
cardiovascular disease, diabetes, and increased all-cause mortality, so a change in BMI in 
this group is likely to be associated with changes in mortality (Lapidus et al., 1984; 
Despres et al., 1990; Fujioka et al., 1987; Kahn et al., 1994). BMI and central obesity 
were correlated, r = 0.34 (p < .0001), in a recent study of 467 healthy French men 
(Randrianjohany et al., 1993). Data from the Framingham Offspring Study of ethnically 
diverse, non-smoking Caucasians, 1,193 and 1,254 men and women respectively, indicate 
a rapid rise in the probability of being above the optimum adiposity across BMI levels 
above 20 kg/m2 and plateaus above r = 0.90 in both males and females with BMI above 24 
kg/m2 (Garrison & Kannel, 1993). They also reported that individuals with BMI greater 
than 22 kg/m2 have a probability above .5 of unhealthy adiposity levels. 
Tobacco Use  
Self-reported cigarette smoking habits were determined from answers on 
questionnaires given at each clinic visit. Smoking status was assessed using answers to 
smoking questions on the medical history questionnaire from the second visit. Individuals 
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were classified as having ever smoked if they answered, "Yes" to the following question: 
"Do you smoke now?" Individuals stating, "No" to "Do you smoke now?" and "Have you 
ever stopped using any tobacco products?" were classified as never having smoked. Since 
the iriterval from second visit to death was highly variable (range = 30 days to 18 years) 
there was no way of being certain of smoking status of participants during this period. 
However, death rates were significantly (p < .05) higher for males having ever smoked 
when compared with males having never smoked category using Cox Regression analysis. 
History of Heart Disease  
Family history of heart disease was computed using answers on the medical history 
questionnaire. However, the available data did not predict death from cardiovascular 
disease in the selected male study cohort. 
Other Possible Predictors of Mortality  
Answers to questions related to alcohol consumption, stress, quality of life, 
nutritional intake, and nutritional status were reviewed and analyzed, but available data was 
not associated with increased mortality in the selected male study cohort. 
Data Collection 
Data for a wide variety of health and fitness related variables from medical history 
information and examination of the participants in the ACLS study who died on or before 
December 31, 1989 was collected by the Cooper Institute for Aerobics Research. This is 
part of an on-going research project funded by a National Institutes of Health research grant 
(AG06945). 
Variables were created using measurement data from the two preventive care exams 
and using written responses to the medical history questionnaire (see Appendix B for a list 
of these variables and Appendix A for a copy of the 1987 Cooper Clinic Medical History 
Questionnaire). 
Data was received from the Cooper Institute for Aerobics Research in both SAS 
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export files and ASCII files. SPSS data program for Windows was then used to merge 
files, add variable labels, and prepare data for analysis (Norusis, 1993). 
Statistical Analysis 
Descriptive statistics (mean, standard deviation, range, and percentiles) were 
calculated for the primary dependent and independent variables, demographic 
characteristics, and potential confounding variables. The relation among overweight, 
weight loss, physical fitness change, and mortality could be confused with confounding 
influences of other factors, such as illness or unhealthy weight loss methods, associated 
with increased mortality risk. Multivariate statistical models using proportional hazards 
regression were constructed for all-cause mortality to evaluate the influence of potential 
confounders. These models included baseline age in years, cigarette smoking habit, 
interval between examinations, and baseline measures of resting systolic blood pressure 
(RSBP), resting pulse, and total serum cholesterol, and the four weight and fitness change 
combinations described on page 28. Changes in risk factors that did not significantly 
predict mortality were not included in the model. 
I chose a subset of the ACLS population to answer the research questions stated in 
Chapter One of this dissertation. This subset is described in detail under the study 
population section of this chapter. It consisted of males who at their first visit were 
overweight and showed a low level of fitness on their exercise stress test and who at their 
second visit showed either no change or a decrease in weight classification and either no 
change or an increase in fitness level. 
Choosing individuals who were classified as overweight or obese on their first 
clinical visit would eliminate individuals with a normal or low range of BMI. Weight loss 
in normal or low weight individuals might be a result of illness or poor health. 
BMI (kg/m2) was calculated. Table 1.1 (see page 5) is a weight classification table 
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for males developed to classify overweight using BMI to convert percent of desirable 
weight into percent of desirable body weight using the 154-pound Reference Man 
(Blackburn & Kanders, 1987). Individuals from this current study were placed into these 
weight classification groups based on their BMI for each visit. The change in weight was 
determined by a decrease in at least one category of overweight between visits, as 
mentioned in the analysis section of this chapter. It is important to note here that while a 
BMI of greater than or equal to 25 kg/m2 was chosen as a cutoff point for overweight, this 
does not imply that weight loss for males in the 25 to 30 kg/m2 range is recommended. 
Males with a BMI in that range may or may not have adiposity levels and other obesity 
related risk factors associated with increased risk of mortality. However, it is not likely 
that healthy males within this BMI range would experience adverse health effects if they 
had a weight loss which placed them in the desirable weight range (BMI 22- 24.9 kg/m2) 
and the weight loss was not a result of sickness, smoking, or other unhealthy reasons. A 
BMI greater than 30 kg/m2 has been significantly associated with myocardial infarction, 
angina pectoris and premature death (Lapidus et al., 1984; Larsson et al., 1984) and a BMI 
of 27.8 (kg/m2) is considered overweight using data from the NHANES-II population 
study (Kuczmarski, 1992). Preliminary analysis indicates that this study's subset of 
initially overweight, low fit males with a BMI range of 25 - 29.9 (kg/m2) had significantly 
higher survival rates compared to males with a BMI 30 (kg/m2), when low fitness level 
was maintained between visits. 
Individuals were placed into one of the five levels of ACLS Cardiorespiratory 
Fitness Classifications (see Table 1.2, p.6) for each visit, as described in the measurement 
section of this chapter, based on their treadmill time in minutes and seconds, their age and 
their gender (Blair et al., 1989). Level 1 and 2 are considered levels of fitness and levels 3 
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through 5 are considered high levels of fitness for this study. A preliminary analysis of the 
baseline fitness levels in this sample demonstrated the same inverse relation between 
increased fitness and mortality as reported in earlier studies using the ACLS population 
(Blair et al., 1989; Blair etal., 1991; Kohl et al., 1992). 
Cox Regression analysis and a variety of other SPSS statistical functions were 
used. Age (age at death or as of December 31, 1989) was the dependent variable, with 
smoking status, age at first visit, total cholesterol, resting systolic blood pressure, resting 
pulse, exam interval, and weight and fitness change combinations as independent variables. 
Individuals were included in this study if they met all of the following 
criteria: 
1. Male gender. 
2. Age within the 20 to 65 year range at both visits. 
3. Classified in one of the two lowest ACLS fitness quintiles at baseline. 
4. BMI greater than or equal to 25 kg/m2 at baseline. 
5. Thirty days or greater interval between first and second clinic visits. 
6. Reached 85% of maximum predicted heart rate for their age and had no 
ECG abnormalities during their exercise treadmill test at baseline. 
7. Remained alive for at least one year after their second clinic visit. 
8. Had one of the following four weight and fitness change combinations 
described on page 28. 
Fitness change was established if an individual increased or decreased by at least 
one fitness quintile, as determined by their age, sex, and treadmill time (see 
Table 1.2, p. 6). If they remained in the same fitness category between visits, they were 
classified as having no change in fitness. Weight change was established if an individual 
increased or decreased by at least one weight category. No weight change was determined 
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if they remained in the same weight category (see Table 1.1, p. 5). 
The effects of the four selected weight and fitness change combination groups on 
mortality were used to help clarify the separate and combined association of weight loss 
and physical fitness level on all-cause mortality. 
The statistical software package used was the Statistical Package for the Social 
Sciences (Norusis, 1993). 
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Chapter 4: RESULTS 
Introduction 
This chapter presents the findings from this study. First, general characteristics of 
the entire two-visit ACLS male sample are compared with the subset of selected initially 
overweight, low fit males, age 20 to 65. Then, comparisons of specific characteristics for 
survivors and decedents (using December 31, 1989 as the cut-off date) in the selected 
subset of males are presented. Next, comparisons of the mean baseline and change values 
(between baseline and second clinic visit) for each of the four selected weight and fitness 
change combinations are presented. The final analysis of the selected male ACLS subset is 
presented in the following order: 1) Preliminary analysis of effects of baseline weight 
classification and fitness level on survival; 2) Effect of weight loss on survival; 3) Effect 
of increased fitness on survival; and 4) Joint effect of weight loss and increased fitness on 
survival. 
General Demographics and Other Characteristics 
General characteristics and demographics of the entire apparently healthy male, 
two-visit study sample compared to selected males are reported in Table 4.1. Selected 
males differed significantly from the entire male population in all health variables except 
glucose. These selected males were slightly older than males in the general ACLS 
population, and had higher total cholesterol and triglyceride levels, higher systolic blood 
pressure and resting pulse measurements, lower exercise treadmill times, and higher 
baseline weights. Changes between visits were also significant for all health variables 
except glucose and BMI. Selected males showed greater improvements in total cholesterol 
and triglyceride levels, blood pressure measurements, and treadmill times, and had a 
shorter time interval between their baseline and second visit than males in the general ACLS 
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Table 4.1 
Comparison of Demographics and Characteristics of All Males in ACLS Two-Visit 






Selected 	All 	Selected 
Males Males Males 
Marital Status: 
Single 3% (n =101) 4% (n = 14) 
Married 89% (n = 2,606) 91% (n = 353) 
Widowed 7% (n = 192) 4% (n = 17) 
Divorced 1% (n = 13) 1% (n = 2) 
Ethnicity 
White 98% (n = 1,484) 98% (n = 215) 




Resting Pulse (bpm) 
BMI (kg/m2) 
10% (n = 567) 





8% (n = 











Glucose (mg/di) 101.0 104.3 -2.0 -1.2 
(±107.3) (±21.0) (±107.6) (±18.9) 
Total Cholesterol 212.0** 222.1** 
(mg/di) (±52.7) (±42.9) (±56.6) (±35.8) 
Triglycerides (mg/di) 122.8** 185.0** -8.2** -26.5** 
(±93.2) (±132.0) (±98.6) (±147.5)  
Exercise Time (min) 18.8** 12.1** 1.3** 3.1** 
(±4.6) (±2.7) (±3.0) (±3.1) 
Resting Systolic Blood 120.1** 124.1**  
Pressure (mmhg) (±13.0) (±14.1) (±12.6) (±13.9) 
Note. This Table represents mean values with standard deviations (±SD) to compare 
baseline visit values between all initially healthy males from the ACLS population and 
initially overweight, low fit males, age 20 to 65, using two-tailed T-tests. Marital status, 
ethnicity, and smoking status are reported as percentages with frequencies in 
parentheses. 
Number is reported separately for variables with missing data for comparison of all 
males with selected males. 
* p = < .05 
** p = < .0001 
40 
sample population. 
Other Characteristics of the Selected Male Subset 
Fitness Level 
Selected males were almost evenly distributed between the two lowest fitness levels 
at the first visit, n = 839 (48%) and n = 898 (52%), respectively. However, at the second 
visit these males were distributed throughout all five of the fitness levels, as shown in 
Table 4.2. Using two-tailed T-test to compare means, the mean second visit fitness level of 
3.03 (±1.27) compared with mean baseline fitness level of 1.51 (±0.5) was significantly 
higher (p < .0001). 
Weight Classification  
Only males with a BMI 25 kg/m2 were selected at baseline. As noted in Table 
4.3, the majority of the selected population were classified as overweight. An overall 
average of 3% decrease in BMI was seen between visits for selected males. 
Comparison of Survivors and Decedents Within Selected Males 
Comparison of selected males who remained alive as of December 31, 1989 and 
males who had died by that date showed that they were significantly older at baseline and 
had poorer mean baseline health values except for triglycerides, glucose, and resting pulse 
(Table 4.4). The only significant change value was a lower mean treadmill time. Mean 
baseline weight and weight changes were not significantly different. 
Comparison of Weight and Fitness Change Combination Groups 
One-way ANOVA, with Tukey-HSD test (p <.05), was used to compare mean 
values between the four selected weight and fitness change combination groups. The 
results of this test are presented in Tables 4.5 - 4.6 and a narrative summary of each Table 
is presented in the following paragraphs. 
41 
Table 4.2 
Number of Selected Males in Each Fitness Level at Baseline and 
Second Visit 
Baseline 	 Second Clinic Visit 
Fitness Category 	Number 	Percent 	Number 	Percent 
1 (low) 739 46% 232 13% 
2 877 54% 408 24% 
3 429 25% 
4 400 23% 
5 (high) 261 15% 
Note. Fitness level was determined using the ACLS Quintiles of Fitness based 
on the entire ACLS population. This Table shows the number and percent of 
males in each fitness category at baseline and second clinic visits. 
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Table 4.3 
Number of Selected Males in Each BMI Range at Baseline and 
Second Visit 
BMI 
kg/m2 Weight Classification 
Baseline Second Clinic Visit 
Number Percent Number Percent 
<22 Below Desirable Weight 5a <1% 
22 - 24.9 Desirable Weight 193 12% 
25 - 29.9 Overweight 1,120 69% 1,084 67% 
30 - 34.9 Obesity 392 24% 282 17% 
35 - 39.9 Medically Significant 100 6% 50 3% 
40 - 44.9 Obesity 3 <1% 1 <1% 
45 - 49.9 Super Obesity 1 <1% 1 <1% 
Morbid Obesity 
Note. This Table shows the number of males in each BMI range at baseline and second clinic 
visits. 
aThe BMI range for these five men was 20.95 - 21.9 kg/m2. Four of these males were classified 
as high fit (the fifth ACLS fitness quintile) at second visit and one male remained in the lowest 
fitness quintile for both visits but demonstrated improved values for all health related variables, 




Comparison of Characteristics for Survivors (n = 1,581) and Decedents 
(n = 35) of Selected Males 
Baseline Change 
Survivors Decedents Survivors Decedents 
Age at First Visit (yrs) 43.6** 51.6** 4.4 3.7 
(±8.8) (±9.8) (±3.8) (±2.8) 
BMI (kg/m2) 29.0 29.3 -0.8 -0.6 
(±3.4) (±3.8) (±0.6) (±0.6) 
Total Cholesterol (mg/di) 222.0* 238.2* -5.9 -2.8 
(±43.0) (±44.1) (±35.6) (±43.6) 
Glucose (mg/di) 104.1* 111.5* -1.2 -1.7 
(±20.8) (±27.7) (±19.0) (±14.8) 
Triglycerides (mg/di) 184.7 194.7 -27.2 4.3 
(±132.7) (±95.1) (±148.2) (±116.8) 
Stress Test Time (minutes) 12.4*** 9.6*** 3.1* 1.9* 
(±2.4) (±3.2) (±3.1) (±3.1) 
Resting Systolic Blood 124.2** 133.7** -3.1 -2.4 
Pressure (mmHg) (±14.1) (±16.2) (±13.8) (±19.0) 
Resting Pulse (bpm) 62.2 65.6 
(±10.2) 	(±9.3) 
Note: This Table represents mean values with standard deviations (±SD) to 
compare baseline and change between baseline and second visit values between 
living and deceased, using twotailed t-tests. 
*p = <.05 
**p = <.001 
***p = <.0001 
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Table 4.5 
Comparison of Selected Baseline Values Among Weight and Fitness Change 






(n = 304, 




(n = 927, 




(n = 48, 




(n = 337, 
deaths = 5) 
Age at First Visit (yrs) 41.9a (±8.2) 43.1a (±7.8) 44.7a (±8.7) 42.4a (±8.7) 
Smoking Status 
Ever Smoked n= 	17 n = 54 n= 2 n = 24 
Never Smoked n = 215 n = 678 n = 41 n -; 226 
Height (inches) 70.2a (±2.7) 70.2a (±2.6) 70.4a (±2.2) 70.2a (±2.6) 
BMI (kg/m2) 29.6a (±4.0) 28.5b (±2.7) 30.6a (±4.1) 29.5a (±4.2) 
Total Cholesterol (mg/di) 221.4a (±41.6) 222.5a (±44.6) 225.0a (±37.3) 221.1a (±40.1) 
HDL Cholesterol (mg/di) 38.3a (±9.7) 40.3a (±10.5) 41.4a (±12.3) 39.5a (±10.5) 
n = 172 n = 460 n = 19 n = 162 
Glucose (mg/di) 105.3 a'b (±26.3) 103.0a (±16.9) 113.31" (±29.0) 105.6a, 	(±24.1) 
RSBP (mmhg) 125.4a (±14.1) 123.5a (±14.0) 126.5a (±13.6) 125.5a (±14.8) 
Resting Pulse (min) 65.9c (±10.1) 61.8b (±9.8) 64.4b,e (±11.9) 60.1a (±10.2) 
Triglycerides (mg/di) 191.2a (±130.1) 183.9a (±131.3) 184.0a (±123.3) 182.3a (±137.4) 
Treadmill Time (min) 11.6b (±2.9) 12.7(±2.2) 10.6a (±3.0) 12.4a(±2.4) 
VO2max 
(ml-kg-I•min-1) 31.8c (±0.5) 33.3a (±3.2) 30.3b (±4.4) 32.9a (±3.4) 
(L/min) 3.0a (±2.9) 3.0a (±0.4) 3.0a (±0.5) 3.1a (±0.5) 
Waist Girth (cm) 103.1a,b (±10.2) 101.6a (±8.5) 104.3 a,13 (±9.7) 104.4" (±11.6) 
n = 141 n = 377 n = 14 n = 144 
Percent Body Fat' 26.8%0 (±5.0) 25.8%a (±4.1) 27.2%a,b (±4.7) 27.4%b (±4.9) 
n = 142 
	
n = 376 
	
n = 15 
	
n = 140 
Note. This Table represents mean values with standard deviations of baseline values in the four weight 
change and fitness change combinations used in this study. Values are not significantly (p < .05) 
different if they share any of the same superscripts. (Example 1: Mean values for baseline resting pulse 
are significantly lower for WLFI compared to WSFI, WLFS, or WSFS and for WSFI compared to WSFS. 
There are no significant differences in mean baseline restin pulse values between WSFS or WLFS. Example 2: 
Mean values for baseline BMI are significantly lower for WSFI compared to either WLFI, WLFS, or WSFS. 
There are no significant differences between mean values of baseline BMI for groups WLFI and 
WSFS, WLFI and WLFS, or WSFS and WLFS.) 
Number is reported for values with missing data. 
'Percent determined by seven-site skinfold measurements described by Jackson and Pollock (1984). 
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Table 4.6 
Comparison of Selected Change Values Among Weight and Fitness Change 









Weight Same, Weight Same, Weight Loss, Weight Loss, 


















0.2c (±1.3) 	-0.3b (±1.4) 	-2.5a (±2.2) 	-3.0a (±2.4) 
Total Cholesterol 
	

















Treadmill Time (min) 0.2a (±1.7) 3.4b (±2.5) 1.1a (±2.1) 5.2c (±3.4) 
VO2max 
(ml•kg-1.min-1) 0.4c (±2.4) 4.9b (±3.7) 1.7c (±3.1) 7.5a (±5.0) 
(L/min) 0.1c (±0.2) 0.4a (±0.3) -0.1d (±0.3) 0.3b (±0.4) 
Waist Girth (cm) 0.7b (±7.5) -1.0b (±7.0) (±5.7) 9.1a (±8.0) 
n = 131 n = 342 n = 14 n = 135 
Percent Body Fatl 0.1%b (±3.5) 0.3%b (±3.5) -3.0%a (±3.6) -5.6%a (±5.2) 
n = 130 n = 353 n = 15 n= 135 
Note. This Table represents mean values with standard deviations (±SD) to compare change values 
between the four weight change and fitness change combinations used in this study. Values are not 
significantly (p < .05) different if they share any of the same superscripts. (Example 1: Mean values for 
change in BMI are significantly higher for WLFI compared to either WSFS or WSFI, for WLFS 
compared to either WSFS or WSFI, and for WSFI compared to WSFS. There are no significant 
differences in mean change in BMI values for WLFS compared to WLFI. Example 2: Mean values for 
change in RSBP are significantly improved for WLFS compared to WSFI, and for WLFI compared to 
either WSFS or WSFI. There are no significant differences between mean values for WLFS compared to 
either WLFI or WSFS, or for WSFI compared to WSFS.) 
Number is reported separately for variables with missing data. 
1Percent determined by seven-site skinfold measurements described by Jackson and Pollock (1984). 
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Baseline Values (Table 4.5)  
There were no significant differences between means for age at first visit, height, total 
cholesterol, HDL cholesterol, resting systolic blood pressure, triglycerides, and absolute 
VO2max (L/min) among any of the weight and fitness change combination groups at 
baseline. WSFS had a lower baseline treadmill stress test time and lower relative VO2max 
(ml•kg-l•min-1) than WSFI, WLFS, and WLFI. 
WLFS had lower mean baseline treadmill stress test times than WSFS and WSFI 
and the lowest mean relative VO2max (ml•kg-1.min-1) of all the groups. WSFI had the 
lowest mean baseline BMI (kg/m2) and highest mean treadmill times of all the groups. 
WSFI had higher relative V02. (mile emin-1) than WSFS and WLFS. WSFI also had 
lower mean baseline glucose levels than WLFS, and mean baseline pulse rates that were 
lower than WSFS and higher than WLFI. 
WLFI had the lowest mean baseline pulse rates when compared to each of the other 
three groups. WLFI also had larger mean waist girths and higher mean percentages of 
body fat compared to WSFI. 
Change Values (Table 4.6)  
Both WSFS and WLFS had shorter mean time intervals between exams when 
compared to WSFI and WLFI. As expected, both WLFS and WLFI had larger decreases 
in mean BMI (kg/m2) and mean percentage of body fat than WSFS and WSFI. 
There was a slightly larger mean of percentage of body fat lost in WSFI when 
compared to WSFS. There were no significant differences in the mean unit decreases in 
BMI and mean decreases in percent body fat between WLFS and WLFI. WLFI had much 
larger improvements in their mean total cholesterol, glucose, and triglyceride levels, 
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improvements in their mean resting systolic blood pressure levels, and decreases in their 
mean waist girths than WSFS and WSFI. WLFS had greater improvements in their mean 
resting systolic blood pressure measurements than WSFI. 
As expected, there were greater improvements in mean treadmill exercise test times, 
• - relative VO2max (ml•kg
-1  •mm 1  ) and absolute VO2max (L/min) for WSFI and WLFI when 
compared to WSFS and WLFS. Interestingly, there were also greater improvements in 
treadmill exercise test times and relative VO2max (ml•kg-l•min-1) for WLFI when compared 
to WSFI. However, absolute VO2max (L/min) was slightly higher when WSFI was 
compared to WLFI and much higher when WSFI was compared to WSFS or WLFS. 
Preliminary Analysis of Effects of Baseline Weight and Fitness on Survival 
The preliminary analysis to examine the effects of weight classification and fitness 
level on survival in initially overweight or obese, low fit males, age 20 to 65 years are 
presented for descriptive purposes only. Cox Regression analysis was used, with age at 
death as the dependent variable. Baseline age, smoking status, total cholesterol, resting 
systolic blood pressure, and interval between examinations were entered as covariates. 
Weight Classifications 
There were no significant differences for survival Seen between BMI ranges of 22 - 
24.9 kg/m2 (normal weight range), 25 - 29.9 kg/m2 (overweight), and ?..30 (obese) for 
initially low fit males who did not improve their fitness level, when these three weight 
ranges were entered into Cox Regression analysis, with or without covariates, and with the 
normal weight range as the reference group. Also, when normal weight range was 
compared to the combination of overweight and obese males, the difference in survival was 
not significant. 
Significantly (p = .03, Exp[B] = .32, 95% CI for Exp[B] = .12 - .9) lower 
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proportional survival rates were noted for the initially low fit, obese (BMI 30 kg/m2) 
males, when compared with initially low fit, overweight (BMI range of 25 -29.9 kg/m2) 
males (Figure 4.1). Also, the initially low fit, obese males had significantly (p = .001, 
Exp[B] = .22, 95% CI for Exp[B] = .094 - .53) lower proportional survival rates 
compared to initially fit (highest three ACLS fitness levels shown in Table 1.2, Page 5), 
overweight males, but not compared to initially fit, obese males. There were relatively few 
(n = 90) initially fit, obese males, and this group had only one death. 
The effects of improved weight classification (weight loss) with maintained weight 
classification (weight same) were compared in initially low fit, overweight, and obese 
males who did not improve their fitness level using the following four weight 
change combinations in the Cox Regression analysis: 
1) Overweight males (BMI range of 25 -29.9 kg/m2), weight same. 
2) Overweight males, weight loss. 
3) Obese males (BMI 30 kg. /m2), weight same. 
4) Obese males, weight loss. 
Overweight, weight same males had significantly higher survival rates (p = .03, 
Exp[B] = 3.47, 95% CI for Exp[B] = 1.14 - 10.57) than obese, weight same males. There 
were no deaths for overweight, weight loss males, and only 2 deaths for obese, weight 
loss males. See Figure 4.2 for the survival plots of these four groups. 
Fitness Levels  
The effects of baseline fitness level on survival were compared by grouping males 
with a BMI 25 kg/m2 into the two lowest or three highest baseline fitness levels. Both 
fitness level and weight classification were maintained in both groups between first and 
second visits. Males who were in the two lowest fitness levels at baseline had significantly 
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Figure 4.1. Survival Function for Comparison of Baseline Weight in Initially 
Low Fit and High Fit Males, Weight and Fitness Maintained. This figure 
represents the survival curve resulting from the comparison of baseline weight in initially 
low fit and high fit males who maintained both their weight and fitness level between visits. 
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4 
Figure 4.2. Survival Function for Comparison of Weight Loss in Obese and 
Overweight Males, Fitness Maintained. This figure represents the survival curve 
resulting from the comparison of weight loss in obese and overweight males who 
maintained their fitness level between visits. 
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(p = .023, Exp[B] = .41, 95% CI for Exp[B] = .19 - .88) lower survival rates than males 
who were in the three highest fitness levels at baseline. The resulting survival plots are 
shown in Figure 4.3. 
Effect of Weight Loss on Survival 
The effect of improved weight classification (weight loss), or maintained weight 
classification (weight same) were compared in initially low fit (lowest two fitness levels) or 
high fit (three highest fitness levels), initially overweight (BMI 25 kg/m2) males, using 
the following four groups: 
1. Low fit, weight same. 
2. Low fit, weight loss. 
3. High fit, weight same. 
4. High fit, weight loss. 
All previously stated selection criteria applied to these four groups, except that the 
fitness level of the two high fit groups were the three highest fitness levels to contrast with 
the two lowest fitness levels of the other two groups. All four groups maintained their 
fitness level between visits. Age, smoking status, total cholesterol, resting systolic blood 
pressure and examination interval were used as covariates. Age at death was the dependant 
variable. 
The results of this analysis are presented in Table 4.7 and indicate that the high fit, weight 
same group had significantly improved survival rates when compared with the low fit, 
weight same group. There were no significant differences between each of the high fitness 
groups or between each of the low fitness groups. The high fit group which lost weight 
had no deaths, as indicated by the straight line when each of the four weight change and 
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Figure 4.3. Survival Function for Comparison of Baseline Fitness Levels, 
Weight Maintained. This figure represents the survival curve resulting from the 
comparison of baseline fitness levels in males who maintained both their weight and 
fitness levels between visits. 
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Table 4.7 
Proportional Hazards Model for All-Cause Mortality of Selected Males Who Lost or 









95% CI for Exp (B) 
Lower 	Upper 
Model 1 
Age at First Visit (yrs) -.1240 .0370 .0008 .8834 .8216 .9499 
Smoking Status -.4651 .4592 .3112 .6281 .2554 1.5449 
Model 2 
Age at First Visit (yrs) -.1584 .0383 .0000 .8535 .7918 .9200 
Smoking Status -.6841 .4646 .1409 .5046 .2030 1.2543 
Total Cholesterol (mg/di) -.0083 .0051 .1041 .9918 .9819 1.0017 
RSBP (mmHg) .0344 .0106 .0011 1.0350 1.0138 1.0567 
Exam Interval -4.23E-04 1.877E-04 .0241 .9996 .9992 .9999 
Model 3 
Age at First Visit (yrs) -.1358 .0398 .0007 .8730 .8074 .9439 
Smoking Status -.5001 .4656 .2827 .6065 .2435 1.5104 
Total Cholesterol (mg/di) -.0083 .0052 .1072 .9917 .9817 1.0018 
RSBP (mmHg) .0288 .0106 .0066 1.0292 1.0081 1.0508 
Exam Interval -3.12E-04 1.927E-04 .1059 .9997 .9993 1.0001 
Combination Groups' 
Simple Contrast2 .1699 
(2):(1) -.7244 .7637 .3429 .4846 .2231 2.5946 
(3):(1) -.8515 .3878 .0281 .4268 .1817 .6304 
(4):(1) -13.9345 397.2272 .9720 8.878E-07 .0000 
Note. Proportional Hazards Model for all-cause mortality of apparently healthy, initially overweight, 
low fit and high fit males, age 20 to 65 years (1,625 censored, 32 events), with the same fitness level 
and the same or reduced weight between visits. Subset from the Aerobics Center Longitudinal Study, 
1970 - 1989. Chi-square changes from no Model =17.501, p = .0006. Chi-square changes from Model 
One = 16.423, p = .0009. Chi-square changes from Model Two = 12.280, p = .0065. 
'Combination Groups refers to the following combinations of weight changes with maintained fitness 
level (fitness same) which occurred between the first and second clinic visits: 
(1) Low fit (two lowest fitness levels), weight same. 
(2) Low fit, weight loss. 
(3) High fit (three highest fitness levels), weight same. 
(4) High fit, weight loss. 
(See Table 1.1 for weight classifications and Table 1.2 for fitness levels. Weight loss is defined as 
decreasing by at least one weight category between first and second clinic visits. Maintained weight 
classification is defined as staying in the same weight classification between first and second clinic 
visits. Maintained fitness level is defined as remaining in the same fitness quintile, based on age, sex 
and treadmill time, between first and second clinic visits.) 
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Figure 4.4. Survival Function for Comparison of Weight Loss in Initially 
Low Fit or High Fit Males. This figure represents the survival curve resulting from 
the comparison of weight loss in initially low fit and high fit males who maintained both 
their weight and fitness levels between visits. (Analysis is presented in Table 4.7.) 
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Effect of Improved Fitness Level on Survival 
The impact of improved fitness level on survival for this sample was determined by 
comparing two groups with no change in weight between visits and one of the following 
fitness changes: 
1. Fitness same. 
2. Fitness increase. 
Cox regression analysis was used with age at mortality as the dependent variable 
and age, smoking status, total cholesterol, resting systolic blood pressure and interval 
between exams as covariates. All previously noted selection criteria were applied to these 
groups. The results are presented in Table 4.8, and indicate that improved fitness by at 
least one fitness level is significantly associated with increased survival rates when 
compared with maintained fitness level. Separate survival plots for the two groups are 
presented in Figure 4.5. 
Joint Effect of Weight Loss and Improved Fitness on Survival 
Finally, the combined effect of weight loss (improved weight classification by at 
least one classification between first and second visits) and improved fitness (increased 
fitness by at least one fitness level between first and second visits) was explored by 
comparing the following weight and fitness change groups: 
Weight 	 Fitness 	 Group 
1) Same (maintained) Same (maintained) 	WSFS 
2) Same 	 Increase 	 WSFI 
3) Loss 	 Same 	 WLFS 
4) Loss 	 Increase 	 WLFI 
The results are presented in Table 4.9 and survival rates are plotted separately for 
each of these four weight and fitness change combination groups in Figure 4.6. 
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Table 4.8 
Proportional Hazards Model for All-Cause Mortality of Selected Males Who Maintained 









95% CI for Exp (B) 
Lower 	Upper 
Model I 
Age at First Visit (yrs) -.1122 .0403 .0053 .8939 .8260 .9673 
Smoking Status .8067 .3923 .0398 2.2404 1.0385 4.8332 
Model 2 
Age at First Visit (yrs) -.1439 .0408 .0004 .8660 .7995 .9381 
Smoking Status .6940 .3923 .0769 2.0017 .9278 4.3187 
Total Cholesterol (mg/di) .0074 .0041 .0759 1.0074 .9992 1.0156 
RSBP(mmHg) .0314 .0108 .0036 1.0319 1.0103 1.0539 
Exam Interval -2.86E-04 1.668E-04 .0867 .9997 .9994 1.0000 
Model 3 
Age at First Visit (yrs) -.1295 .0417 .0019 .8786 .8096 .9534 
Smoking Status .8604 .3994 .0312 2.3641 1.0806 5.1721 
Total Cholesterol (mg/di) .0079 .0043 .0655 1.0079 .9995 1.0002 
RSBP (mmHg) .0253 .0109 .0209 1.0256 1.0038 1.0478 
Exam Interval -1.75E-04 1.735E-04 .3138 .9998 .9995 1.0001 
Fitness Groups1  
Simple Contrast2 -1.3325 .4057 .0010 .2638 .1191 .5844 
Note. Proportional Hazards Model for all-cause mortality of apparently healthy, initially overweight, low-
fit, men, age 20 to 65 years (1,169 censored, 28 events), who maintained weight classification between visits 
and maintained or improved fitness level. Aerobics center longitudinal study, 1970-1989. Chi-square changes 
from no Model = 14.363, p = .0025. Chi-square changes from Model One = 14.126, p=.0027. Chi-square 
changes from Model Two = 10.728, p = .0011. 
1Fitness Groups refers to the following two fitness groups: 
(1) Fitness same. 
(2) Fitness increase. 
(See Tables 1.1 and 1.2 for weight classifications and fitness classification. Both groups were classified in one 
of the two lowest ACLS fitness quintles at baseline. There were no changes in weight classification (weight 
same) between both clinic visits for either of the fitness change groups. Fitness same is defined as staying in 
the same fitness classification between both clinic visits. Fitness increase is defined as increasing fitness by 
at least one fitness quintile, based on age, sex and treadmill time, between first and second clinic visits.) 
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Figure 4.5. Survival Function for Improved Fitness, Weight Maintained. This 
figure represents the survival curve resulting from the comparison of improved fitness with 
maintained fitness in initially low fit males who maintained weight between visits. 
(Analysis is presented in Table 4.8.) 
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Table 4.9 
Proportional Hazards Model for All-Cause Mortality of Selected Males Who Maintained 









95% CI for Exp[B] 
Lower 	Upper 
Model 1 
Age at First Visit (yrs) -.1120 .0356 .0016 .8940 .8338 .9586 
Smoking Status .5498 .3604 .1271 1.7330 .8550 3.5122 
Model 2 
Age at First Visit (yrs) -.1434 .0366 .0001 .8664 .8064 .9310 
Smoking Status .4693 .3601 .1925 1.5989 .7894 3.2387 
Total Cholesterol (mg/de .0062 .0038 .0961 1.0063 .9989 1.0137 
RSBP (mmHg) .0261 .0101 .0100 1.0264 1.0063 1.0469 
Exam Interval -3.22E-04 1.520E-04 .0341 .9997 .9994 1.0000 
Model 3 
Age at First Visit (yrs) -.1338 .0373 .0003 .8747 .8131 .9410 
Smoking Status .6256 .3677 .0889 1.8693 .9093 3.8430 
Total Cholesterol (mg/di) .0068 .0038 .0761 1.0068 .9993 1.0144 
RSBP (mmHg) .0216 .0101 .0335 1.0218 1.0017 1.0423 
Exam Interval -2.17E-04 1.555E-04 .1625 .9998 .9995 1.0001 
Combination Groups' 
Simple Contrast2 .0046 
(1):(2) -1.3130 .3993 .0010 .2690 .1230 .5884 
(1):(3) -.5306 .7585 .4842 .5882 .1330 2.6015 
(1):(4) -1.3990 .5333 .0087 .2469 .0868 .7020 
Special Contrast .0046 
(3)(4):(1)(2) Weight Change .6166 .9249 .5050 1.8526 .3023 11.3512 
(2)(4):(1)(3) Fitness Change 2.1813 .9621 .0234 8.8581 1.3439 58.3859 
(2)(3):(1)(4) Interaction .4447 .9248 .6307 1.5599 .2546 9.5572 
Note. Proportional Hazards Model for all-cause mortality of apparently healthy, initially overweight, low-fit, men, age 20 to 65 
years (1,581 censored, 35 events), aerobics center longitudinal study, 1970-1989. Chi-square changes from no Model = 16.481, 
p = .0009. Chi-square changes from Model One = 114.035, p =.0029. Chi-square changes from Model Two = 12.301, p = 
.0064. 
1Combination Groups refers to the following combinations of weight and fitness changes which occurred between the first and 
second clinic visits: 
Weight 	 Fitness 	 Groups 
1) Same (maintained) 	Same (maintained) 	 WSFS 
2) Same 	 Increase 	 WSFI 
3) Loss Same WLFS 
4) Loss 	 Increase 	 WLFI 
(See Tables 1.1, and 1.2, pages 5 - 6, for weight classifications and fitness levels. Weight loss is defined as decreasing by at 
least one weight category between baseline and second clinic visits. Weight same is defined as staying in the same weight 
classification between both clinic visits. Fitness increase is defined as increasing fitness by at least one fitness quintile, based on 
age, sex and treadmill time, between baseline and second clinic visits. Fitness same is defined as staying in the same fitness 
quintile between both clinic visits. Examples: (1):(2) indicates that group 1 (WSFS) is being contrasted with group 2 (WSFI). 
(1)(2):(3)(4) indicates that the combination of groups 1 and 2 is being contrasted with the combination of groups 3 and 4. 
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Figure 4.6. Survival Function for Maintained or Increased Fitness and 
Maintained or Reduced Weight. This figure represents the comparison of the 
following four weight and fitness change combination groups: WSFS; WSFI; WLFS; and 
WLFI. (Analysis is presented in Table 4.9.) 
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Significantly improved survival rates were noted for WSFI and for WLFI when each of 
these groups were compared to WSFS. Although the survival rates for WLFS were 
slightly better than survival rates for WSFS and less than WSFI or WLFI, the difference 
was not significant. 
The same analysis was done for males with an initial BMI 27.8 kg/m2 (cut-off 
point for overweight identified by the NHANES-II study, Kuczmarski, 1992) and all other 
previously identified selection criteria, with the same significance between weight and 
fitness change groups as noted for males with a BMI ?_ 25 kg/m2. 
61 
Chapter 5: DISCUSSION 
Introduction 
This section summarizes and comments on each of the major results sections from 
the previous chapter. 
Demographics and Characteristics of Individuals Included in This Study 
Males included in this study were significantly heavier, with poorer triglyceride and 
total cholesterol levels, lower fitness levels, and higher resting systolic blood pressures 
than the general male cohort from the ACLS two-visit population. These males also 
showed greater improvements in health values between visits when compared to the general 
male cohort from the ACLS two-visit population. These greater improvements could be 
due to regression to the mean, since these males had greater room for improvement than the 
rest of the population. These improvements corresponded with the significant 
improvements in weight classification and fitness levels between visits. 
Comparison of Weight and Fitness Change Combination Groups 
Baseline Similarities  
The initially low fit, overweight males were divided the following four weight and 
fitness change combinations: 
Weight 	 Fitness 	 Group  
1) Same (maintained) 	Same (maintained) 	WSFS 
2) Same 	 Increase 	 WSFI 
3) Loss 	 Same 	 WLFS 
4) Loss 	 Increase 	 WLFI 
It was interesting to note that at baseline there were no significant differences in the mean 
values for age, height, total cholesterol and triglyceride levels, resting systolic blood 
pressure and absolute VO2max (L/min) among any of these groups. Having these 
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similarities at baseline increased the probability that the survival outcome for these groups 
were related to the combined changes in weight and fitness for each group, rather than to 
their mean baseline values of variables that have been shown to be associated with 
decreased survival, such as age, cholesterol and triglyceride levels, and resting systolic 
blood pressure (Despres et al., 1990; Fujioka et al., 1987; Lapidus et al., 1984). 
Baseline Differences  
There were differences among groups, indicating that some self-selection, based on 
baseline health values, may have occurred and which might have some influence on the 
survival results of these groups. 
Group with High Baseline Health Values  
WSFI had the highest baseline health values of all four groups. They had the 
lowest baseline mean BMI (kg/m2), highest treadmill times, and highest V02. (ml•kg-
l •min-1) when compared with the other three groups. They had a lower mean baseline 
glucose level when compared to WLFS. Their mean baseline pulse rate as lower than 
WSFS. Their mean baseline waist girths were smaller, and they had lower mean 
percentages of body fat when compared to WLFI. 
Groups with Low Baseline Health Values  
WSFS and WLFS both had low baseline health values. WSFS had a higher mean 
baseline pulse rate when compared to WSFI. The mean baseline treadmill times and 
VO2max (ml•kg-1•min-1) were lower for WSFS than WSFI and WLFI. 
WLFS had the lowest mean baseline treadmill test times and lowest VO2max (ml•kg- 
-1 •min ) compared to all three of the other groups. Their baseline glucose level was higher 
than WSFI. They also had a higher mean baseline BMI (kg/m2) and mean baseline resting 
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pulse rate when compared to WLFI. 
Group with a Combination of Health Values  
WLFI had an interesting combination of both healthier and poorer health values. 
While they had the lowest baseline pulse rate compared to the other three groups, their 
- 	-I mean baseline treadmill times and VO 	(ml•kg 1  •min ) were only significantly higher 2max 
than WLFS. This group also had larger initial waist girths and higher initial percentages of 
body fat when compared to WSFI. 
Change Values  
Since the two groups who improved their fitness levels (WSFI and WLFI) had 
several more years between visits than both of the groups who maintained their fitness 
(WSFS and WLFS), the benefits from an improved fitness level would possibly be 
amplified. However, the interval between visits was used as a covariate in the survival 
analysis, so this should not account for differences in survival. 
WLFI showed much larger improvements in their total cholesterol, glucose and 
triglyceride levels, improvements in their resting systolic blood pressure, and decreases in 
their waist girths than WLFS. There were no significant differences in the amount of 
decreases in percent of body fat and BMI units between these two groups. These findings 
are supported by the literature (Seidel] et al., 1991; Tremblay et al., 1990; Troisi et al., 
1991; and Wing et al., 1991). 
WLFI also had greater improvements in treadmill time and VO2max (ml•kg-1•min-1), 
but lower absolulte VO2max (L/min) when compared with WSFI, a finding supported by a 
recent review of the literature (Ballor et al., 1991). This lower absolute VO2max (L/min) 
indicates that it is likely that some lean body mass was lost, along with fat, in this group. 
Further research, such as comparing the diet and exercise patterns of both of these groups, 
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might provide insights into this difference. 
It was interesting that WLFS had greater improvements in their resting systolic 
blood pressure measurements than WLFI. Both improved fitness and weight loss have 
been shown to improve resting systolic blood pressure measurements (Bjorntorp et al., 
1992; Dattilo et al., 1992; Hypertension Prevention Trial Research Group, 1990). The 
results from this study imply that the combination of improving fitness and losing weight 
did not have a larger effect than the improvement of either one alone. This finding does not 
agree with a recent randomized, parallel-group, crossover study which reported that the 
effects of improved fitness .and weight reduction on blood pressure are additive (Reid, 
Dart, Dewar, & Jennings, 1994). 
The improved fitness for WSFI and WLFI as indicated by the increase in VO2max 
(L/min) shows a true improvement in fitness greater than can be explained by weight loss 
alone. The slight increase in absolute fitness for WSFS is likely related to their slight mean 
weight gain. The slight increase in absolute VO2max (ml/kg-1/min-1), but slight decrease in 
relative V°2max  (L /min) for WLFS is the result of weight loss and loss of total oxygen 
consumption. 
Preliminary Analysis of Effect of Baseline Weight and Fitness on Survival 
Baseline weight classification was only associated with decreased survival when 
there were no improvements in fitness level between visits and only for initially low fit 
males with a BMI ?_ 30 (obese), when compared with initially low fit males with a BMI 
range of 25 - 29.9 (overweight). A BMI greater than 30 kg/m2 has been significantly 
associated with myocardial infarction, angina pectoris and premature death (Lapidus et al., 
1984; Larsson et al., 1984), but no mention has been made in previous studies of the 
effects of improved fitness on survival in low fit, obese males. High fit, overweight and 
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obese males had survival rates that were not significantly different from the low fit, 
overweight males. 
Survival rates between overweight and obese males who maintained or lost weight 
and maintained their fitness level were compared. The results indicate that overweight 
males who maintain a low level of fitness have higher survival rates than obese males who 
maintain a low level of fitness. There were no significant changes in survival noted for 
either of the groups who lost weight, which may have been due to the low number of males 
and low number of deaths in the two weight loss groups. 
Effect of Weight Loss on Survival 
There were no significant improvements in survival seen for weight loss in initially 
overweight, low fit males who maintained their fitness level, although their survival plots 
were slightly higher than those for initially overweight, low fit males who maintained their 
fitness level and maintained their level of overweight. These results did not support studies 
which show an association between weight loss and either an increase or decrease in 
survival (Garrison et al., 1985; Pamuk et al., 1993; Wannamethee et al., 1990; Wilcosky et 
al., 1990; Williamson & Pamuk, 1993). 
The negative coefficient (B) reported for all covariates, except for resting systolic 
blood pressure, is likely due to the interaction of the protective effect of high baseline 
fitness with the adverse effect of low baseline fitness. 
Effect of Improved Fitness Level on Survival 
Initially overweight, low fit males who improved their level of fitness, but 
maintained their weight, had significantly higher survival rates than initially overweight, 
low fit males who maintained both their weight and fitness level. These results are 
supported by previous studies (Arraiz et al., 1992; Blair et al., 1989; Paffenbarger et al., 
1990). 
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The negative coefficient (B) reported for age is due to increased survival seen for 
males who entered this study at an older age. A possible reason for this is that these men 
may have been healthy and physically active throughout their lives and only at an older age 
decided to have a preventive care exam at the Cooper Clinic. Their years of health and 
fitness would likely be associated with increased survival even though at the start of this 
study they were classified as low fit. 
Joint Effect of Weight Loss and Improved Fitness on Survival 
WLFI and WSFI had significantly higher survival rates than WSFS. No significant 
difference was noted for WLFS, although they had slightly higher survival rates than 
WSFS and lower survival rates than WSFI and WLFI. These results may have been 
significant if the group had been larger and there were more deaths. These findings are 
unique to this study. 
The negative coefficient (B) reported for age is due to increased survival seen for 
males who entered this study at an older age. As mentioned earlier, a possible reason for 
this is that these men may have been healthy and physically active throughout their lives 
and only at an older age decided to have a preventive care exam at the Cooper Clinic. Their 
years of health and fitness would likely be associated with increased survival even though 
at the start of this study they were classified as low fit. 
Causal Relationship 
The finding of a "statistically significant" association in a particular study does not 
establish a causal relationship (Kleinbaum, Kupper, & Muller, 1988). In order to evaluate 
the degree to which this study supports a causal relationship, the results of this study were 
evaluated according to the following seven criteria, formalized by A. Bradford Hill (1971): 
1) Strength of association; 2) Dose-response effect; 3) Lack of temporal ambiguity; 4) 
Consistency of findings; 5) Biological and theoretical plausibility of the hypothesis; 6) 
Coherence of the evidence; and 7) Specificity of the association. 
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Strength of Association 
Since this is the only study to look at both change in physical fitness and change in 
weight loss to determine their effects on the survival of overweight, low fit males, these 
results cannot be compared to other studies. 
Dose-Response Effect 
The relative risk estimates for improved fitness compared with maintained low 
fitness, WSFI versus WSFS, was 74% lower (RR= 0.26; 95% CI= 0.12 - 0.58), when 
weight was maintained. The risk estimate rate for men who maintained fitness and weight 
(WSFS) was 8.9 times higher (RR= 8.86; 95% CI= 1.34 - 58.4) compared to those who 
improved fitness, regardless of whether weight was maintained or lost (WSFI and WLFI). 
The relative risk estimates for low fit, overweight men who increased fitness and 
maintained weight compared to those who maintained both fitness and weight (WSFI 
versus WSFS) was 73% lower (RR = .27, 95% CI = .12 - .59). The relative risk 
estimates for low fit, overweight men who increased fitness and lost weight compared to 
those who maintained both fitness and weight (WLFI versus WSFS) was 75% lower 
(RR= .25, 95% CI= .09 - .7). Since improving fitness and losing weight were both 
related to exceeding a certain cut-point of a continuous variable, a dose-response effect can 
be implied from the results of this study. 
Lack of Temporal Ambiguity 
Since survival cannot be the cause of improved fitness or improved weight 
classification, there would appear to be lack of temporal ambiguity in this study. 
Consistency · of Findings 
Further studies using similar methods are needed to determine if the findings from 
this study are consistent in other populations with similar parameters. 
Biological and . Theoretical Plausibility of the Hypothesis 
C urrent data show that weight loss or improved fitness level have been associated 
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with increased survival rates, which was demonstrated in this study. It further makes 
sense that the group which lost weight and improved fitness had the highest survival rates 
of all four weight and fitness change groups used in this study. Weight loss without 
improved physical fitness status is not associated with all-cause mortality in this study. 
Coherence of the Evidence  
The impact of fitness level on survival, beyond the effect of weight loss, may 
possibly explain why some studies show a decrease in survival as a result of weight loss, 
but other studies show an increase in survival associated with weight loss. There was no 
indication in any of the weight loss agd mortality studies that the affects of change in 
fitness, or lack of change, were considered as possible confounders. 
Specificity of the Association  
It was unknown if disease in individuals who remained in the low fitness groups 
might have a confounding effect, resulting in decreased survival in those groups. 
Summary  
Although not all of the above criteria were satisfied, the results from this study 
suggest that change in fitness and change in weight do have an effect on survival in initially 
low fit, overweight males. Most weight loss programs encourage weight loss as the 
primary way to improve health, yet this study indicates that improved fitness has greater 
effects on increased survival than weight loss alone. Future studies on this subject are 
indicated. 
Weakness and Limitations 
Weakness  
A weakness of this study is the unavailability of data to distinguish intentional 
weight loss in a healthy person from weight loss associated with illness, psychosocial 
distress, smoking and other unhealthy causes. In an attempt to control for this weakness, 
only individuals who were considered apparently healthy at baseline (achieved 85% of 
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maximum predicted heart rate on their treadmill stress test and showed no indication of 
illness on their medical history form or examination) were accepted for this study and 
individuals who died within the first year after their second exam were excluded. 
Limitations 
A limitation of this study was that although there was adequate data on weight 
change and change in BMI, there was not complete data on change in seven-site skinfolds, 
waist-to-hip ratios, or waist girths for the subset of the ACLS population evaluated. This 
prevented adequate analysis of the relation of weight loss to change in fat deposit locations, 
a marker associated with cardiovascular mortality (Bjorntorp et al., 1992; Sjostrom, 1992). 
However, a recent study showed a correlation between BMI and central obesity (r = 0.34), 
and another study indicated that smoking index and resting heart rate were highly correlated 
with central obesity (Marti et al., 1991; Randrianjohany et al., 1993). Both smoking index 
and resting heart rate were used as variables in this study. 
Another limitation of this study was that I only had weight information at two 
points of time and minimal response to the medical history weight fluctuation questions. It 
was therefore impossible to control for weight cycling in this study. Controversy on the 
dangers of weight cycling exist, with studies reporting an association with increased 
mortality (Blair & Paffenbarger, 1993; Blair, Shaten et al., 1993; Han= et al., 1989; 
Lissner et al., 1989; Lissner et al., 1991) or no association (Lissner et al., 1989; Stevens & 
Lissner, 1990). 
Because of reported gender differences between the effects of obesity, weight loss 
and physical fitness, I divided my sample population into the two gender groups (Janssen 
et al., 1989; Tremblay et al., 1984; Zurlo et al., 1992). However, since there were not 
enough deaths of initially overweight, low fit females to allow analysis using the Cox 
Regression model, they were dropped from the study. 
What individuals did to increase fitness, such as the type and intensity of physical 
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activity and other contibuting factores such as improved nutrition, and other health practices 
would have provided insights into why both groups who improved their fitness level, 
regardless of maintained or lost weight, had increased survival rates compared to the group 
which maintained their initial level of overweight and low fitness. Improved survival in 
this study may be explained in part by activities which improve the immune function, such 
as moderate exercise. Moderate exercise is associated with either no change or an 
enhancement of the immune function, while exhausting exercise tends to produce negative 
changes in the immune function (Brenner, Shek & Shephard, 1994; Nieman & Nehlsen-
Cannarella, 1992; Shephard & Shek, 1993). 
The ACLS sample population from which the initially overweight, low fit males 
were chosen were primarily normal weight and fit. This made it difficult to get adequate 
numbers which met the selection criteria for this study. There were 55% (n = 6,565) of the 
two-visit ACLS sample were in the two highest fitness categories (see Table 1.2, p. 5) at 
their first clinic visit, with 31% (n = 3,702) in the highest fitness category. Only 12% of 
individuals were classified in the lowest (fitness level 1) fitness category (n = 1,381) at first 
visit. There were 50% (n=6,008) of the ACLS sample in the low or ideal weight BMI 
categories (BMI < 25) at their first clinic visit and 41% (n = 4,960) of the ACLS sample 
classified as overweight (BMI =25 -29.9). Only 9% (n = 1,016) of the of the ACLS 
sample were classified as obese (BMI 30) at their first clinic visit. 
Other factors, such as diet and mental outlook, may also have played a role in the 
outcome of this study and should be considered in future studies on fitness, weight loss, 
and survival. Missing data on diet intake, HDL cholesterol, ethnic group, stress, and 
quality of life variables limited the use of these variables as possible covariates in the Cox 
regression model. Available data on alcohol intake and family history of disease was not 
associated with increased all-cause or cardiovascular mortality for this study. 
Problems associated with the use of death certificates for analysis in survival 
71 
studies could be a limitation of this study (Selikoff, 1992). However, since this problem 
relates primarily to assessing cause-specific mortality, it is unlikely that this limitation 
should affect this study. 
Despite the limitations and weaknesses of this study, an increase in longevity was 
seen in initially overweight, low fit males who lost or maintained weight and increased 
physical fitness when compared with initially overweight, low fit males who maintained 
weight, but did not improve their level of fitness. Future research studies should be 
devised to improve the generalizability of these conclusions. 
Implications 
The results from this study imply that the positive relation seen between improved 
physical fitness level and survival remains evident in overweight males regardless of 
maintained weight or weight loss. These study results also indicate that future studies on 
weight loss and survival will need to find ways of controlling for baseline physical fitness 
levels and change in physical fitness levels of their participants. 
Numerous studies have shown that both increased physical fitness and weight loss 
improve lipid profiles, glucose tolerance, blood pressure, and other cardiac risk factors 
(Bjorntorp etal., 1992; Depres et al., 1988, 1991; Dattilo et al., 1992; Hypertension 
Prevention Trial Research Group, 1990). Studies which have looked at various aspects of 
health improvements by improved physical fitness or decreased weight through improved 
nutrition, alone and then combined, have shown that the combination of the two appears to 
have the most dramatic effects on health (Ballor & Keesy, 1991; King & Tribble, 1991). 
Since improvements in physical fitness are associated with weight loss in overweight 
individuals, but weight loss is not necessarily associated with improved physical fitness, it 
appears that if improved health and longevity are the goal, then improved fitness should be 
encouraged rather than weight loss alone. This implication is supported by the preventive 
health recommendations of the US Department of Health and Human Services, Public 
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Health Service, Healthy People 2000 (1994) report which lists, in order of priority, 
exercise, diet/nutrition, and then cigarettes, alcohol, and violence. 
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Chapter 6: SUMMARY, RECOMMENDATIONS, AND CONCLUSIONS 
Summary of Answers to Research Questions 
1. What is the Separate and Combined Association of Weight, Physical  
Fitness, Weight Loss, or Fitness Gain on Survival?  
Separate Association  
Weight. The relative risk estimates for low fit males with a baseline BMI range of 
25 to 29.9 m/kg2 compared to low fit males with a baseline BMI 30 m/kg2 was 78% 
lower (RR = .22, 95% CI = .09 - .53), when weight and fitness were maintained between 
visits. 
Physical fitness. The relative risk estimates for overweight (BMI 25 m/kg2) 
males in higher baseline fitness levels compared to overweight males in lower baseline 
fitness levels was 59% lower (RR = .41, 95% CI = .19 - .88), when weight and fitness 
were maintained between visits. 
Weight loss. The relative risk estimates for low fit, overweight males who lost 
weight compared to low fit, overweight males who maintained weight was 52% lower 
(RR = .48, 95% CI = .22 - 2.59), when fitness was maintained between visits. It is 
possible that this finding would have been significant if the number of subjects in the 
weight loss group had been larger. 
Improved fitness. The relative risk estimates for low fit, overweight males who 
improved fitness compared to low fit, overweight males who maintained fitness was 74% 
lower (RR = .26, 95% CI = .12 - .58), when weight was maintained between visits. 
Combined Association  
Weight, fitness. weight loss and improved fitness. The risk estimate rate 
for low fit, overweight men who lost or maintained weight and maintained fitness (WLFS 
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and WSFS) was 8.9 times higher (RR = 8.86; 95% CI = 1.34 - 58.4) compared to those 
who lost or maintained weight and improved fitness (WLFI and WSFI). The relative risk 
estimates for low fit, overweight men who increased fitness and maintained weight 
compared to those who maintained both fitness and weight (WSFI versus WSFS) was 
73% lower (RR = .27, 95% CI = .12 - .59). The relative risk estimates for low fit, 
overweight men who increased fitness and lost weight compared to those who maintained 
both fitness and weight (WLFI versus WSFS) was 75% lower (RR = .25, 95% CI = 
.09 - .7). 
2. What is the Mortality Risk for Overweight Individuals Who Lose  
Weight and are Physically Fit Compared to Those Who Lose Weight and are 
Not Physically Fit?  
The relative risk estimates for these two groups could not be compared since there 
were no deaths in the oyerweight, fit male group. 
3. Does Improved Physical Fitness Level in Overweight, Low Fit 
Individuals have a Protective Effect on Adverse Mortality Consequences  
Associated with Weight Loss?  
'Improved physical fitness level in overweight, low fit males appears to have a 
protective effect on mortality associated with weight loss in this study. The risk estimate 
rate for low fit, overweight men who maintained fitness and lost or maintained weight 
(WLFS and WSFS) was 8.9 times higher (RR = 8.86; 95% CI = 1.34 - 58.4) compared to 
those who improved fitness and lost or maintained weight (WLFI and WSFI). There was 
no data which indicated weight loss had adverse consequences. 
General Recommendations 
Data from this study indicate that improved fitness is important to the longevity of 
overweight, low fit males, age 20 to 65. This does not mean that exercise is more 
important to an overweight man's health than weight loss, but implies that whatever factors 
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lead to improved fitness are more important to longevity than weight loss alone. Future 
studies that are able to describe and compare the specific dietary and exercise habits 
between similar weight and fitness change groups might help define some of those factors. 
Also, a study similar to this one, but with either a larger sample or longer follow-up period, 
might be able to show significant differences between WLFS and the other three weight 
and fitness change combination groups. 
While this study only used males, it is likely that a similar study using women, age 
20 to 65, would report similar results. Women should be encouraged to develop health 
habits aimed at improved fitness rather than weight loss alone, since weight loss is an 
important health issue for women and there does not appear to be any adverse effects from 
an improved fitness level. 
These results must be applied cautiously to other groups, since these individuals are 
from mostly upper socioeconomic classes and primarily white ethnic backgrounds. 
Preventive Care Recommendations 
This study indicates that factors which improve physical fitness are important to 
longevity. Regular, moderate physical activitiy is associated with improved fitness, but is 
not the only factor involved in improved fitness. However, other specific factors were not 
defined in this study. Weight loss is usually the primary recommendation for overweight 
individuals, and regular, moderate physical activity has usually been encouraged for long-
term maintenance of weight loss. However, it is possible that weight loss should not be 
the primary focus in overweight individuals. A moderate improvement in physical fitness 
provided greater survival benefits than weight loss in this study. 
Conclusions 
In conclusion, weight loss with improved physical fitness status is not associated 
with all-cause mortality in this study. These findings support the theory that factors other 
than weight loss, factors involved in improving physical fitness which may include weight 
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loss, have a stronger effect on survival than the weight loss by itself. This does not imply 
weight loss is unimportant, but implies that improved fitness, rather than weight loss, 
should be the focus of overweight individuals interested in improving health and longevity. 
Improved fitness is the result of more than just increased exercise. It involves a healthy 
diet, adequate rest, abstinence from unhealthy tobacco and alcohol consumption, and other 
healthful practices. While this study could not define specific factors that result in 
improved fitness levels, the improved fitness levels were strongly associated with 
improved health values and with increased survival. 
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Name: 	  
Date  of Examination: 	  
This is your medical history form for your visit to the Cooper Clinic. MI information will be kept confidential. 
The doctor you see at the clinic will use this information in his evaluation of your health. Obviously, you will 
want to make it as &emirate and complete as possible. 
Piesse print your responses. 
90 
BILLING AND INSURANCE INFORMADON 
PATIENTS NAME 	 DATE 	  
F YOU ARE A MEDICARE BENEFICIARY, IT IS ESSENTIAL THA T YOU CONTACT THE BUSINESS OFFICE BEFORE YOUR 
APPOiNTUENT. 1400-444-5764 
INSTRUCTIONS 
If you we responsible for your charges, go to section marked SELF. 
If youi company is responsible for your charges, 90 10 section marked COMPANY. 
MOTE: Marva kw any pracackires *kith Ws peeborrn ya.i noquati, eitich rut company boss not awes. see bit ycear responsibility 
SELF 
MAILING ADDRESS FOR STATEMENT: 	0 H01.31E 	0 OFFICE 
Patients are responsible for prompt payment of charges. If you plan to file for insurance for reimbursement to yourself, 
please indicate: 
0 Insurance form required (number of copies needed 
0 Participation in Type B Medicare. 
Meese provide your Health Insurance Claim Number as it appears on your Health Insurance Card If you are a 
participant in Medicare. 
A standard insurance form will be mailed to you. You will need to NI in the name of the insurance company, your policy numbei, 
and sign a release form. You should then forward the completed form to your insurance company. If you need any assistance, please 
contact our bookkeeping department. 
PATIENTS OR AUTHORIZED PERSONS SIGNATURE: I authorize the release of any medical or other information necessary 
to process this claim. I also request payment of government benefits airier to mysetf orbo the party who accepts assignment below. 
SIGNED: 	 DATE: 	  
COMPANY 
You will receive the original medical report tf a copy of this report and other dociiiments relating to this medical examination are 
to be forwarded to your oompany, you MUST sign the authorization below. This copy Will only be sent to an individual. Reese indicate 
the name and address below. 
I authorize the Cooper Clinic to send me a copy of my mediml reliort to the folicming 
NAME:  	COMPANY NAME: 	  
ADDRESS: 
	 PHONE(_)  
SIGNED: 
Wk1UNG ADDRESS FOR STATEMENT: 
Same as above. 	 Other: 	  
F YOU NEED NvY HELP COMPLETING THIS 'ORTiON. PLEASE ASK CX.IR REDEPTsOtoST AT THE Tike OF YOuFt ViSiT. 
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lusE FLU. LEGAL NAAAE PLEASE) 
pn:b.narrn niwniod tood) 	 flateid,...ek Norm, Iappkable) 
(Last) 	 (Ant) 	 'Odds) 
	ACto 




(Number end Saadi) 	 (City and Iltno) 
 
( 
(countri) (Zip CO.) 	 (Horne Phone Number) 
like. Sec. Account Number) 
	 phinhdry mandi-dry—yeer) 	 INother's eielnen Nemo) 
PERSONAL PHYSICIAN: 	  
(Last Name) 
(Number and Street) 	 (Physician's/I/Ione iiumbor) 
teftY) 
	 (State) 	 )Code) 
Do you want a oopy of your report and all other documents rotating to this medical examination sent to your personal 
physician? 0 Yes 0 No 
V yes, give permission by signing your name 	  
Do you with to authorize the ban of x-ray films to your personal physician, or other consuttarit whom you may des-
cruite? DYes 0 No 
V yes, give permission by skiing your name 	  
CURRENT OCCUPATION: Are you cummtly employed? 0 Yes 0 No 
Name of Business or Employer: 	  
Type of Business:  '  
Your position, Me, Or type of work' 	  
How brig have you been with your present job? 	 




ilLusiness Phone Number) 
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L GENERAL INFORMATION (CONT.) 
REASON FOR VISIT: 
Please dm:* the appropriate tor(ss): 
O Comprehensive Medal Evaluation 
O Evaluation of Prevbusly-Diagnceed Heart Diabase 
O Evaluation of Heart DeSaiLSO Risk 
O Determination of Present Level of Cardiovascukar Rheas 
O Reconvnendations for Exercise Program 
O Recommendations for Nutritional Program 
O Recommendations for Weight Was Program 
O Referred by Personal Physician 
O Referred by Other Physician: Name 	 City/Stair 	  
O Participant in In-Residence Program 	 Phone Number ( 	) 	  
O Company Benefit 
O Company Requirement 
O Other 	  
OTHER HEALTH DATA: 
1. Haw many days cif work did you bee due to illness In the past year? 	  
2. How many times did you see a physician for medical reasons last year? 	  
3. When was your last visit to a physician? (Approximate date) 	  
What was the reason for that visit? 	  
4. When was your test visit to a dentist? 	  
5. Please indicate someone outside your immediate terrify who always know your address: (For our lOneituclined research 
Project) 
Name. 	  
Address: 	  
6. Name, Address and Phone Number of Spouse: 	 Phone Number 
Name* 	 Home:( 	) 	  
Address 	  Work:( 	 
7. Name, Address, and Phone number of person to be notified in case of emergency. 
Name: 	 Relationship: 	  
Address' 	  
Phone Number. ( 	) 	  
8. How did you kern about the Cooper Clinic? 	  
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IL PERSONAL PROFILE 
Sec 0 Male 0 Female 
Race: 0 White 0 Black 0 Hispanic 0 Asian 0 Other (specify 	  
Place of Birth. 	  
A. Marital History: 
1. Are you now or have you ever been manled? 0 Yes 0 No 
it yes, how many times have you been married? 	 
2. Current marital status: 
O Single 
O Married 
N yes, how long? 	 
O Divorced 
O Widowed 
3. Number of children? 	 
B. Education: (Circle highest level attained). 
Grade: 	7 8 9 10 11 12 	 Degree 	Field 	Coilege/Univ. 
College: 	 1 2 3 4 	BACHELOR 	 
MASTERS 
Post Graduate: 	1 2 3 4 	DOCTORATE 
C. Military: Are you now or have you in the past served in the Armed Forces? 
0 Yes 0 No 
if yes, give branch and dates 	- 
D. Present Household (Check all that apply). 
O Apartment 	 0 House 	 0 Other 	  0 City 	 0 Suburbs 0 Coultry 
Does anyone live with you? 
O Live alone 	 0 Parents 
0 Spouse 0 In-Laws 
0 Children 	 0 Other 
E. Present Occupation: What is your present work situation (Choc* all that apply.) 
0 Employed Full-time 	 0 Self-Employed 	 0 Other 	  0 Employed Part-time 0 Unemployed - 0 Semi-Retired 	 0 Housewife 
0 Fully-Retired 0 Student 
If you are employed, please indicate the following: 
Name of business or employer. 	  
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MI. CURRENT MEDICAL STATUS 
A. PRESENT MEDICAL PROBLEMS: Please hs any known significant medical probes= this rou have al present 































































































IV. REVIEW OF SYSTEMS 
Please indicate whether you have ever hed a signant problem with any ol the sympioms or conditions hated beiow. 
yes. 
when 	is this 
Dore, or still a 
Yes No know onset? 	problem? 
GENERAL 
1. Unexplained weight loss 
2. Chronic fatigue 
3. Change WI appetite 
4. Night sweats 
6. Fever or chills 
8. Any type of carm 
7. Sleep disorder 
HEART/VASCULAR 
8. Chest pain or pressure 
9. Chest pain with exertion 
10. Heart attack 
11. Rapid or kregular heartbeats 
12. Fainting or lightheadedness 
13. High blood pressure 
14. Rheumatic fever 
15. Calf pain with exercise 
16. Varicose veins 
17. Phlebitis 
18. Stroke 
19. High blood cholesterol 
20. High blood triglycerides 
EYES 
21. Decrease in vision 0 0 0 
Date of last eye exam 
22. Double vision 0 0 0 
23. Glaucoma 0 0 0 
24. Color blindness 0 0 0 
25. Cataracts 0 0 0 
26. Serious injury to eye 0 0 0 
EAR-NOSE-THROAT 
27. Hearing loss 
28. Prolonged exposure to bud noise 
29. Ringing in ears 
30. Chronic ear infection 
31. Ruptured eardrum 
32. Sinus infection 
33. Vertigo 
34. Vocal cord polyp 
ENDOCRINE 
35. Thyroid disease 0 0 0 
36. High blooci sugar 00 0 












































0 0 0 
0 0 0 
0 0 0 




































































IV. REVIEW OF SYSTEMS (CONT.) 
N yes, 
when 	la this 
Don't or atNI a 
Yea No know onset? 	problem? 
PULMONARY 







45. Coughed up blood 
46. Unexplained shortness of breath 
-while sleeping 	. 
-while sitting 
-with physical activity 
GASTROINTESTINAL 
47. Fatty food intolerance 
48. Ulcer disease 
49. Frequent heartburn 
50. Vomited blood 
51. Gallbladder trouble 
52. Abdominal pain 
53. Jaundice, hepatitis or cirrhosis 
54. Frequent diarrhea 
55. Diarrhea caused by milk 
(lactose intolerance) 
56. Blood in stools 
57. Tarry black stools 
58. Hemorrhoids 
59. Colon polyps 
60. Chronic constipation 
GENTTOURINARY 
61. Veneta' Disease 
-- 
-herpes 
62. Sexual problems 
63. Decreased sex drive 
64. Impotency 
65. AIDS 
66. Blood in urine 
67. Burning or pain during urination 
68. Kidney/bladder infection 
69. Difficulty urinating 
(starting or stopping) ' 
70. Prostate trouble 
71. Awakening at night to urinate 
























N. REVIEW OF SYSTEMS (CONT.) 




73. Chronic joint or muscle pain 0 0 0 
74. Low back pain 0 0 0 
75. Swollen/stiff joints 0 0 0 
76. Arthritis 0 0 0 
77. Gout 0 0 0 
NEUROPSYCHLATRIC 
78. Loss of consciousness 0 0 0 
79. Vertigo 0 0 0 
80. Seizures or epilepsy 0 0 0 
81. Frequent headaches 0 0 0 
82. Treatment for nervous disorder 0 0 0 
83. Numbness or tingling of arms, 
legs °dace 0 0 0 
84. Difficulty sleeping 0 0 0 
85. Depression 0 0 0 
86. Anxiety 0 0 0 
87. Thoughts of suicide 0 0 0 
88. Nervous breakdown 0 0 0 
89. Psychiatric of psychological 
counseling 0 0 0 
HEMATOLOGY 
90. Anemia 0 0 0 
91. Mood clotting deficiency 0 0 0 
92. Enlarged or swollen lymph nodes 0 0 0 
93. Previous blood transfusion 0 0 0 
DERMATOLOGY 
94. Skin rash 
95. Skin cancer 
96. Shingles (herpes zoster) 
97. Skin sores that won't heal 
98. Unusual moles 
99. Mouth sores that won't heal 
103. Other skin problems 
ALLERGIES AND IMMUNIZATIONS 
yes, 
when 	k this 





101. Do you have any allergy problems? 0 0 0 
102. Do you have hay lever symptoms? 0 0 0 
103. Do you have food allergies? 0 0 0 
104. When was your last tetanus shot? 
105. Do you have an annual flu vaccine? 0 0 0 
106. Have you had a pneumonia vaccine (Pneumovax)? 0 0 0 
107. Have you had a polio Immunization series? 0 0 0 
108. Have you had recent immunizations? 0 0 0 
109. Have you had a tuberculosis skin lest (PPO or Tine)? 0 0 0 
N yes, was it negative? 0 0 0 
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V. PAST MEDICAL HISTORY 
A. SIGNIFICANT PAST L.LNESSES: Please list any Wier significant illnesses you had as a child or adut 
LLNESS 	 YEAR(S) 
B. PAST SURGERY: Please list In chronological order any surgeries you have had. Include hospital and out-patierd 
surgery. 
TYPE OF SURGERY 
         
           
           
           
           
           
           
           
           
           
           
           
           
C. IPLIURIES: !Neese list any significant iniuries you have had. 
TYPE OF INJURY 	 YEAR 
D. RADIATION TREATMENT: Please list any radiation treatment that you have reoeived to your head, neck ski, or elsewhere. 
(Do not include diagnostic studies.) 
AREA TREATED 
 
YEAR 	REASON FOR TREATMENT 
     
     
     
     
E. DIAGNOSTIC STUDIES: Check which of the following diagnostic studies you have had in the past. 
TEST 	 YEAR 
O ECG (Electrocardiogram) 
O Treadmill Stress Test 
O Ultrasound examination of the heart (Echocardiogram) 
O Heart catheterization (Dye test of heart vessels) 
O X-ray exam of stomach ("Upper GI Series") 
.0 X-ray exam of large htestine ("Barium Enema") 
O Proctoscopy or sigmoidoscopy (Examination of the lowest portion of the colon and rectum with a 
rigid tube) 
O Coionoscopy (Exarnination of the colon with a long flexible tube) 
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VI. FAMILY MEDICAL HISTORY 
AGE 	 AGE 	SIGNIFICANT 	F DECEASED, 




AGE 	 AGE 	SIGNIFICANT 	• F DECEASED, 
SEX 	 F AUVE OR 	AT DEATH 	HEALTH PROBLEMS 	CAUSE OF DEATH 
SPOUSE: NAME 	 AGE 	HEALTH 	  
CHILDREN 
AGE 	 AGE 	 SIGNIFICANT 	iF DECEASED, 
SEX 	 F AUVE 	OR 	AT DEATH 	HEALTH PROBLEMS 	CAUSE OF DEATH 
FAMILY ILLNESSES: Have your parents, grandparents, sisters or brothers, aunts or iricies, or your children developed any of the 
following? Exclude cousins, relatives by marriage or adoption, and halt relatives. (Please check appropriate boxes.) 
FAMILY 
RELATION 
O Heart attacks, coronary bypass, angioplasty or angina under age 50 
(circle problem) 
O Heart attacks, coronary bypass, angioplasty or angina age 50-85 
(circle problem) 
O Strokes under age 50 
O Strokes age 50-85 
O Other heart disease 
O High blood pressure 
O Sudden unexplained death 
O High cholesterol or biglycerides 
O Diabetes 
O Thyroid disease 
O Osteoporosis 
O Obesity 
O Colon potyps 
O Lung Cancer 
O Colon Cancer 
0 Breast Cancer 
O Other Cancer 
Please indicate any death or serious Illness, of immediate family members h the past year 	  
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VII. PERSONAL HABITS 
A. TOBACCO: 
1. Do you curroritty use tobacco? 	0 Yes 0 No 
(If not, gob Question 2.) 
I. N you smoke cigarettes now, how many per daP 	 
What yew did you start? 	19 	 
b. If you smoke cigars now. how many per day?  _  
What yew did you start? 	19 
C. If you smoke a 	pipe now, how many pipeluis per day? 	  
What year did you start? 	19 	 
d. if you use "smokeless" tobacco now, Prow often? 	  
What year did you start? 	19_ _ 
2. Have you used any of the following In the past, but do not use thorn now? 
0 Yes 0 fOio 
(If not, go to the next section.) 
a. Cigarettes 	 How many per day? 	 
What year did you start? 19 
What year did you Stop? 	 19 	 
b. Cigars 	 How many per day? 	 
What year did you start? 19 
What year did you stop? 	 19 _ 
c. Pipe 	 How many per day? 
What year did you start? 	 19 
What year did you stop? 19 
d. "Smokeless" 	 How many times per day? 	 
Tobacco 	 What year did you start? 19 	 
What year did you stop? 	 19  
3. Do you live with people who smoke? 	0 Yes 0 .No 
4. Did your parents smoke when you were growing up? 	Father 0 Yes 0 No 
Mother 0 Yes 0 No 
B. ALCOHOL: 
1. Do you drink alcoholic beverages? 	0 Yes 0 No 
If yes, how many drinks per week? 
Beer (12 oz.) 
Wine (5 oz. glass) 
Hard Uquor (1.5 oz.) _ 	_ 
2. Do you now have or have you ever had problems with excessive alcohol use? 
	
O Yes 
3. If you drink alcoholic beverages .... 
a. Have you ever felt you ought to cut down on your drinking? 
	
O Yes 
b. Have people annoyed you by crtticizing your drinking? 
	
O Yes 
C. Have you ever felt bad or guilty about your drinking? O Yes 
d. Have you ever had a drink first thing in the morning to steady your nerves cx to 	O Yes 
get rid of a hangover? 
S. Has your drinking ever affected your job or abilty to work 	 O Yes 
f. Have you ever been arrested for driving while intoxicated or under the 	O Yes 









VII. PERSONAL HABITS (CONT.) 
C. /WEIGHT: 
, 1. What is your current weight? 	 pminds 
2. What do you consider a good weight lor yottseit? 	 pounds 
3. What was your highest weight alter age 18 (excluding pregnancy)? 	 
At what age? 	  
4. What was your lowest weight alter age 18? 	 pounds 
Al what age?  _ 
5. What was your weight at age 21? 	_ _ pounds 






5 lbs. 	10 lbs. 	20 lbs. 	30 lbs. 	50 lbs. 	80 lbs. 	100 lbs. 
1. Some people have to watch what they eat all the time to control their weight. others eat all they want and their weight is tine, 
and others have to eat more than they want to keep their weight up. What is your case? 
01 02 03 04 0 5 
Eat Much Eat Somewhat Eat Just Eat Somewhat Eat Much 
Lass Than Less Than What I More Than More Than 
I Want I Want Want I Want I Want 
2. How often are you dieting (eating less than you would like)? 
01 02 03 04 05 
Never Rarely Sometimes Men Morays 
3. Are you currently on any diet or dietary restriction? 
O Yes 0 No 
N Yes, check the appropriate descflPtich. 
O Low Fat 	 0 Low Calorie (wt. reduction) 
O Low Cholesterol 	 0 High Fiber 
O Low Sodium (salt) • 0 Other (Specify): 	 
Who (If anyone) supervises or sponsors the program? 	  
How long have you been following the diet? 	  
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VIL PERSONAL loans (CONT.) 
e MEALS: 
1. In an average week, how rnany meals (out of 21) do you eat? 	 
2. P he It is numbest of those meals which Include the following: 
	 Fried poultry or fish 
- Beef (include burgers, tacos) 
Pork (include bar= 8 ham) 
Luncheon meat (Include hot dogs) 
- Cheese (mclude pizza) 
Fried foods (include chips, donuts) 
Pie, cake, ice cream, or cookies 
- Eggs 
(Number of eggs per week .•  _  
Butter 
1- .4argarine 
- Mayonnaise, salad dressing 




to. milk, sherbet or frozen yogurt 
Grains (breed, Ica pasta, corn) 
_ Legumes (beans, Untie, etc.) 
Breakfast cereal 
-4Spectfy Types: 	  
3 in an average week, how many "sriacits" do you eat? 	 
Circle those that you eat frost frequener 
chips peanuts 	pretzeis candy bars 	candy 
  
cookies PoPcom 	Iruft Other 	 
   
     
F. BEVERAGES: Give the number ci servings that you consume in an average wee* of the tclowing: 
Water (glasses) 	  
• Coffee: (cups) 
Tea: (cups) 	 Regular 	  
Decaffeinated or Herbal 	  
Soft Drinks: (12 oz.) 
Regukar (With Sugar) 	  
&vat Free 	  
How many of the above cxxilain caffeine? 	  
Milk (8 oz. glasses) 
Whole Milk 	  
trow-Fat (2%) Milk 	  
&den ($4-1%) Milk  
Regular 	  
Decatfeiriated 	  
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VIII. EXERCISE HISTORY (CONT.) 
# Aviv do you rate the physicaJ activity that you are fler* getting coilipared booths 	
your sarne ego and MI x? Think about 
both your leisure and *go& activities. (Piease check )vox response.) 
O E. SOMEWHAT ACTIVE 
O F. ACTIVE 
O G. EXTREMELY ACTIVE 
T tompared to a year ago. tow much repute/ exercise do you currently get? 
O D. SOMEWHAT MORE 
0 E. MUCH MORE 
Have you continuously followed your program? 
O No Approximately how many times have you stopped for at least six months? 
	 
What is the longest period that you were continuously active? 	 
What is the longest period that you were not on any program?  
Since yco started an exercise program, how many total years have you been regularly earn? 	 
O Yes 
9. What exercise equipment, it any, do you own? (Check those that apply) 
• 	0 Running Shoes 	 0 Rowing Machine 	
Other (Specify) 
O Stationary Cycle 0 Treadmill 
O Bicycle 	 0 Cross Country Ski Simulator 
10. To what exercise tacilities do you have easy access? (Check those that apply) 
O Fitness Club 
O ,.togging Path 
O Bicycle Path 
O Aerobic Exercise Dims 
0 Swimming Lap Pool 
O Suitable Area For Walking 





EL MUSCLE STRENGTHENING ACTIVMES 
1 Are you currently involved in a muscle strengthening program? 	 0 Yes 0 No 
If yes, what type? (Check those that apply) 
o Calisthenics 
O Free WeightS 
O Weight Training Machines 
O Other: (Specify) 	  
how many days per week do you do theme exercises?  _  
Average duration of workout? 	_  
Haw long have you been invceved in this routine? 	  
0 A. EXTREMELY INACTIVE 
O B. INACTIVE 
O C. SOMEWHAT INACTIVE 
O D. ABOUT AVERAGE 
O A. MUCH LESS 
0 B. SOMEWHAT LESS 
O C. ABOUT THE SAME 
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EXERCISE HISTORY (CONT.) 
I. FLEXIBILITY ACTNMES 
I Are you currently involved ri exercises to maintain or improve 	joint fiexitP 	0 Yee 0 No 
II yes, what type? 
O Stretching 
O Calisthenics 
O Exercise Class 
How many days per week? 	  
Average duration of exercise?  
How long have you been involved in this routine? 	 
2 Can you touch your toes wtftut bending your knees? 	 0 Yes 0 No 
D. EXERCISE SAFETY 
1.▪ Do you warm up prior to exercise? 
2. Do you cool down slowly after exercise? 
3. Do you know how to take your pulse? 
4. Do you monitor your heart rate when exercising? 
5. If you bicycle, do you wear a protective helmet? 
6. tf you exercise outdoors at night, do you use reflective gear or a bght? 
O Yes 0 No 
O Yes 0 No 
ayes 0 No 
O Yes 0 No 
O Yes 0 No 
O Yes 0 No 
107 
IX. STRESS AND EMOTIONAL FACTORS 
1. How stressful do you consider your home lite to be? 
O Low 	 0 Moderate 	 0 High 
2 How stressful do you consider your cccupation to be? 
O Low 	 0 Moderate 	 O High  
3. Kw/ would you classify yourself on the fodlowtrig tension and anxiety scale? 
01 	 02 	 03 	 04 	 05 
	
No Tension Slight Moderate High Very Tense 
Very Relaxed 	Tension 	 • Tension 	 Tension 	-High-Strung" 
4, What is your greatest source of worry or concern a/ peasant? 
O Marriage 	0 Family 	0 Job 	0 Finances 	0 Health 	0 Other 
5 Slow well do you feel you manage your stress? 
O Not well most of the time 
O Fairly well most of the time 
O Very well most of the time 
IL Do stress and tension in your life seem to cause you to have any of the following symptoms? (Check all that apply) 
O General irritability or impatience 
O Headache 
O Abdominal discomfort 
O Sleeplessness 
O Other (Specify) 
7 How often do you use medications, alcohol, or other substances to help you relieve stress and relax? 
O Frequently (several times a week) 
O Occasionaty (once or twice a week) 
O Seldom (gnat or twice a month) 
O Almost never 
8. Please rate your general emotional outlook on lite on the folioweig scale: 
Dl 02 03 04 05 
Often very Generally Happy & Sad Generally Usually Very 
Depressed Sad Equal AJpount HEIPPY Happy And 
Optimistic 
O. How do you rate overall health? 
01 02 03 04 
Poor Fair Good Excellent 
10- How do You spend your leisure time? 
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1. Do you INe in a dwelling without a smoke alarm? 	 0 0 
2. Do you live in a dwelling without a fire extinguisher? 0 	0 
3. Do any household members use alcohol to excess or use licit drugs? 	 0 o 
AUTO 
4. Do you drive a sports car or a subcompact car? 	 0 	o 
5. Do you eVflf drive or ride in a car wtthout using seat belts? 	 o o 
ff yes, what percent of the time wtthout seat belts? 	 
6. Does your commute to work Involve freeway traffic? 0 	o 
7. Does anger occasionally affect your driving? 	 o o 
8. Do you ewer pick up hitchhikers? 	 0 	0 
9. Have you received any speeding tickets or warnings in the past year? 	 o 0 
10. Do you ever drive after drinking alcohol? 	 0 	0 
UFESTYLE 
11. Do you have any hobbies that involve high risk such as rsoe cars, motorcycles. ATVs, small planes, 	0 	0 
parachuting, or scuba diving? 
12. Do you attend happy hour more than once per week? 	 0 	0 
13. Do you use any "recreational" drugs? 	 0 0 
XI. CURRENT LEVELS OF SATISFACTION 
Please indicate your level of satisfaction in each of the lolloveho areas by checking the appropriate box-Then indicate whether you 





intend to make 
changes 
1. My diet 0 0 0 
2. My weight 0 0 0 
3. My physical condition and stamina o o 0 
4. My use of clgareffes 0 0 0 
5. My use of alcohol of recreational drugs 0 0 0 
6. My blood pressure o 0 0 
7. My handling of tension and stress 0 o 0 
a MY lob 0 0 0 
9. My family life o o 0 
10. My general health and lifestyle o o o 
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DISCLOSURE AND CONSENT 
MEDICAL AND SURGICAL PROCEDURES 
TO THE PATIENT: You have the right. ass patient, to be Informed about your condition and the risks and hazards Involved In the 
amcommonded surgical, medical, or diagnostic procedure lobe used. You may then make the decision whether or not to undergo 
the procedure. This disclosure is not meant to scare or alarm you; lt is simply an effort to rnake you bettor Wormed so you may give 
or withhold your consent to the procedure. 
CONSENT 
I voluntarity consent and authorize Dr. 	  
as my Cooper Clinic physician, and such technical assistants and other health care providers as he may deem necessary, to 
administer an exercise stress test. 
Just as there maybe risks and hazards in continuing any present condition vitt/lout treatment, there may also be risks and Wants 
related to the perlormance of this procedural realize that common to many surgical, medical, and diagnostic procedures is the 
potential for infection, blood clots in veins and lungs, hemorrhage, allergic reaction, and even death. in addition, I realize that the 
following risks and hazards may also occur in connection with this particular procedure: disorders of heart rhythm, tali in blood 
pressure, heart attack_ 
For the purpose of aiding medical research, I permit the Institute for Aerobics Research and the Cooper Clinic to accumulate and 
analyze data relating to my evaluation and to contact me for follow-up information regarding my health status in the future. 
'have been glven an oceport witty to ask questions about the procedure and the risks and hazards Involved and I believe that have 
sufficient Information to give this informed consenti certity this form is clear to me, that I have read il or have had a read to rne, and 
Ittat I understand Its contents. 
SIGNATURE: 	  
PATIENT OR LEGALLY RESPONSIBLE PERSON 
DATE: 	 TIME: 	  
WITNESS' 	  
Are you an Activity Center Member? YES 0 
NO 
NOTE TO TECHNICIAN- W YES IS CHECKED, YOU MUST COMPLETE THE MC MEMI3ERSH/P MEDICAL FORM 
AND SEND TO AAC BUSINESS OFFICE.) 
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Appendice B: Variable List 
Explanation of variable list format. Variable name (all CAPS), followed by a brief 
description of variable and value lables, as needed. An * after the variable name indicates 
information on this variable was reported for both visits. 
IDNUMBER*: Identification number 
GENDER: Gender of participant 
0 = missing 
1 = male 
2 = female 
AGE*: Age in years 
ETHNIC: Race/Ethnic origin 
1 = white 
2 = black 
3 = hispanic 
4 = other 
MARIED: Marital status 
1 = single 
2 = married 
3 = divorced 
4 = widowed 
HEIGHT*: Height in inches 
WEIGHT*: Weight in pounds 
VISIT*: Date of first clinic visit 
EECG*: Impression of exercise ECG 
RECG*: Impression of resting ECG 
EXAMYY*: Year of exam 
EXAMMM*: Month of exam 
EXAMDD*: Day of exam 
CONGNITL: Family history of congenital heart 
disease 
0 = missing 
1 = yes  
FPADEDOF: Cause of father's death or major 
health problem 
1 = missing 
2 = heart attackk/MI 
3 = hypertension 
4 = colon cancer 
5 = other cancer 
FMADEDOF: Cause of mother's death or 
major health problem 
1 = missing 
2 = heart attackk/MI 
3 = hypertension 
4 = colon cancer 
5 = other cancer 
FCORN49: Myocardial infarction, coronary 
artery bypass, angina <50 in family 
0 = missing 
1 = parent(s) 
2 = unknown relative 
3 = other 
4 = none 
FCORN51: Myocardial infarction, coronary 
artery bypass, angina 	in family 
0 = missing 
1 = parent(s) 
2 = unknown relative 
3 = other 
4 = none 
FHEARTOP: Family history of heart surgery 
0 = missing 
1 = yes 
FSTROKES: Family history of strokes 
0 = missing 
1 = yes 
FSTROK49: Stroke <50 in family 
0 = missing 
1 = yes 
2 = no 
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FSTROK51: Stroke 	in family 
0 = missing 
1 = yes 
2 = no 
FSICHRTX: Other heart disease in family 
0 = missing 
1 = yes 
2 = no 
FHIGHBP: High blood pressure in family 
0 = missing 
1 = parent(s) 
2 = unknown relative 
3 = other 
FDIABETS: Diabetes in family 
0 = missing 
1 = parent(s) 
2 = unknown relative 
3 = other 
FOBESITY: Obesity in family 
0 = missing 
1 = parent(s) 
2 = unknown relative 
3= other 
BEERWK: # of 12 oz. drinks of beer per 
week 
WINEWK: # of 3 oz. wine drinks per week 
WINE5WK: # of 5 oz. wine drinks per week 
HRDLIQWK: # of 2 oz. hard liquor drinks 
per week 
SHOT15WK: # of 1.5 oz. drinks hard 
liquor per week 
HEVYDRNK: Excessive ETOH use problems 
0 = no 
1 = yes 
NOWWEIT: Current weight in pounds 
MAXWEIT: Maximum weight of patient 
LOWWEIT: Lowest weight after age 18 
MAXWEIT: Maximum weight of patient 
WEIGHT21: Weight at age 21 
LOWWEIT: Lowest weight after age 18 
WEIGHT21: Weight at age 21 
LOST5LB: How many times in your life 
have you lost 5 pounds? 
LOST1OLB: How many times in your life 
have you lost 10 pounds? 
LOST2OLB: How many times in your life 
have you lost 20 pounds? 
LOST3OLB: How many times in your life 
have you lost 30 pounds? 
LOST5OLB: How many times in your life 
have you lost 50 pounds? 
LOST8OLB: How many times in your life 
have you lost 80 pounds? 
LOST100LB: How many times in your life 
have you lost 100 pounds? 
EATNHABT: Eating habits 
1 = Eat much less than I want 
2 = Eat somewhat less than I want 
3 = Eat just what I want 
4 = Eat somewhat more than I want 
5 = Eat much more than I want 
DIETFREQ: Frequency on diet/eat less than 
you like 
1 = Never 
2 = Rarely 
3 = Sometimes 
4 = Often 
5 = Always 
DIETNOW: Currently on formal diet/diet 
restriction 
1 = yes 
2 = no 
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LOWFAT: On low fat diet now 
1 = yes 
2 = no 
LOWCAL: On low calorie diet now 
1 = yes 
2 = no 
LOCHOLST: On low cholesterol diet now? 
1= yes 
2 = no 
HIFIBER: On high fiber diet now? 
1 = yes 
2 = no 
LOWSALT: ON low salt diet now? 
1 = yes 
2 = no 
DIETX: On other type of diet now? 
1 = yes 
2 = no 
MEALSWK: How many maeals do you eat 
in an average week? 
SEAGULWK: Fish and fowl (unspecified 
method of cooking ) per week? 
FSHFRYWK: Fried fish or poultry per 
week 
FSHBAKWK: baked or broiled fish or 
poultry per week 
BEEFWK: Beef eaten per week 
PORKWK: Pork eaten per week 
HOTDOGWK: Hotdogs eaten per week 
CHEESEWK: Cheese (including pizza) eaten 
per week 
DESERTWK: Desserts (pie, cake, ice 
cream, or cookies) eaten per week 
EGGSWK: Total # of eggs eaten per week  
FRUITWK: Fruit eaten per week 
VEGIWK: Vegetable eaten per week 
SNACKSWK: Snacks eaten in an average week 
WATERWK: Cups of water per week 
COFFEEWK: # of cups of coffee per week 
HOLMLKWK: # of cups of whole milk per week 
LOFATMWK: # of cups lowfat milk per week 
SKIMLKWK: Glasses of skim milk per week 
NOWACTIV: Rate of current physical activity 
1 = Extremely inactive 
2 = Somewhat inactive 
3 = Inactive 
4 = About average 
5 = Somewhat active 
6 = Active 
7 = Extremely active 
CMPACTIV: Comparison of current regular 
exercise to one year ago 
1 = much less 
2 = somewhat less 
3 = about the same 
4 = somewhat more 
5 = much more 
HOMESTRS: Home stressfulness 
1 = low 
2 = moderate 
3 = high 
WORKSTRS: Occupational stress 
1 = low 
2 = medium 
3 = high 
TENSION: Patient's rating of tension 
1 = no tension 
• 2 = slight tension 
3 = moderate tension 
4 = high tension 
5 = very tense 
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MANGSTRS: Management of stress 
1 = not very well most of the time 
2 = fairly well most of the time 
3 = very well most of the time 
OUTLOOK: Patient's rating of their 
emotional outlook 
1 = often depressed 
2 = generally sad 
3 = happy and sad 
4 = generally happy 
5 = usually elated 
HLTHRATE: Rating of overall health 
1 = poor 
2 = fair 
3 = good 
4 = excellent 
SATDIET: Diet satisfaction? 
0 = no 
1 = yes 
CHGDIET: Intend to change diet? 
0 = no 
1 = yes 
SATWEIT: Satisfaction with current 
weight? 
0 = no 
1 = yes 
CHGWEIT: Intent to change your weight? 
0 = no 
1 = yes 
SATSTRHN: Satisfaction with the way you 
handle tension and stress? 
0 = no 
1 = yes 
CHGSTRHN: Intend to change the way you 
handle tension and change? 
0 = no 
1= yes 
SATJOB: Job satisfaction? 
0 = no 
1 = yes 
CHGJOB: Intend to change your job? 
0 = no 
1 = yes 
SATFAMLF: Family life satisfaction? 
0 = no 
1 = yes 
GLUCOSE*: Glucose level (int/di) 
CHOLSTRL*: Cholesterol level (ml/d1) 
TRIG*: Triglyceride level (ml/d1) 
HDL: HDL cholesterol level (ml/d1) 
STRESTIM*: Treadmill test time in 
minutes.seconds 
MAXSYSBP*: Maximum systolic blood 
pressure during treadmill test 
MAXDIABP*: Maximum diastolic blood 
pressure during exercise stress test 
MAXPULSE*: Maximum pulse rate per 
minute during treadmill test 
RESONEND*: Reason treadmill stopped 
2 = dyspnea 
4 = lightheadedness, dizzy 
5 = chest pain 
6 = legweakness or leg fatigue 
8 = volitional exhaustion or 
general fatigue 
9 = hypotension 
10 = ECG changes 
11 = physician descretion 
12 = hypertension 
13 = other 
14 = subjects desire to stop 
15 = failure of monitoring equipment 
ECGMPRES*: Exercise ECG impression 
(EECG) 
1 = noemal 
2 = equivocal 
3 = abnormal (unhealthy) 
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RESONBAD*: Reason if EECG not normal 
1 = equivocal 
6 = abnormal 
RSTSYSBP*: Resting systolic blood 
pressure (mmhg) 
RSTDIABP*: Resting diastolic blood 
pressure (mmhg) 
RESTPULS: Resting pulse in beats per 
minute 
H2OFAT*: Underwater body fat, percent 
CHEST*: Chest skinfold 
AXILLA*: Axilla skinfold 
TRICEP*: Tricep skinfold 
BACK*: Back skinfold 
ABDOMEN*: Abdominal skinfold 
HIP*: Hip skinfold 
THIGH*: Thigh skinfold 
HIPGIRTH*: Hip girth 
WASTGIRF*: Waist girth 
SKINFAT*: Percent body fat from seven-
site skinfolds 
TWEIGHT: Target weight in pounds 
DECEASED: Is patient deceased? 
1 = yes 
2 = no 
CAUSEE: Cause of death 
0 = other 
1 = heart disease-related death 
EXM1DATE: Julian date of first exam  
EXM2DATE: Julian date of second exam 
EXAMINTR: Interval between exam 1 and 2 
DEADTIME: Death date (Julian) 
EX1TODTH: Exam 1 to death, interval 
EX2TODTH: Exam 2 to death, interval 
DEADTIM2: Date of death of death date 
cutoff 
SURVX1TD: Survival time exam 1 to death 
or Julian 148732 
HEIGHTM*: Height in meters 
HEIGHT2M*: Height in meters, squared 
WEIGHTKG*: Weight in kilograms 
BMI*: Body mass index= height in meters, 
squared /weight in kilograms 
SKNFTCHG: Change in percent body fat from 
skinfolds, between visit 1 and 2. 
H2OINTCHG: Change in percent body fat 
from underwater weight between visit 1 
and 2. 
SMOKENOW*: Does patient smoke now? 
1 = no 
2 = yes 
QUITSMOK*: Has patient quit using some 
tobacco products now? 
1 = no 
2 = yes 
CIGARETS: Number of cigarettes per day 
CIGARTBG: Year started smoking cigarettes 
C1GARTEND: Year stopped smoking 
cigarettes 
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VO2MAX: VO2max = 1.444 (treadmill 
time) + 14.99 
CHGXTIME: Change in treadmill time 
between visits 1 and 2 
CHGV02: Change in VO2max between visits 
1 and 2 
CHGBMI: Change in BMI between visits 1 
and 2 
SURVIVE: Age of survival until death or 
until December 31, 1989 
BMICAT*: BMI category 
1 = below ideal weight 
2 = ideal body weight 
3 = overweight 
4 = obese 
5 = medically significant obesity 
6 = mobidly obese 
7 = super obese 
BMICATCH: Change in BMI category 
between visits 1 and 2 
1 = no change 
2 = BMI category decrease 
3 = BMI category increase 
FITCAT*: Fitness level categories (low to 
high) based on treadmill time, age, and 
gender (ACLS Cardiorespiratory Fitness 
Classifications) 




5 = high 
FITCATCH: Change in fitness level 
classification between visits 1 and 2 
1 = no change 
2 = fitness level increase 
3 = fitness level decrease  
WTFITCAT: Weight and fitness change 
combination categories (S = same; I = 
increase; L = loss) based on change in 
fitness (F) levels and change in weight (W) 
levels between visits 1 and 2 
1 = WSFS 
2 = WSFI 
3 = WSFL 
4= WLFS 
5 = WLFI 
6 = WLFL 
7 = WIFS 
8 = WI Fl 
9 = WIFL 
SURV2TD: Days of survival from exam 2 to 
death or Julian 148732 
AGEDEAD: Age at death 
AGECAT: Age category 
1 = 20 - 29.9 
2 = 30 - 39.9 
3 = 40 - 49.9 
4 = 45 - 59.9 
5 = 60 - 69.9 
6 = 70 - 79.9 
7 = 80 - 89.9 
WTFITPIE: Four weight and fitness change 
combination categories 
1 = WSFS 
2 = WSFI 
3= WLFS 
4 = WLFI 
HARTHX: Family history of heart disease 
0 = missing 
1 = yes 
2 = no 
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Appendice C: Permission Letters 
The Cooper Institute for Aerobics Research 
12330 PRESTON ROAD/DALLAS, TEXAS 75230/214-7014001/FAX 214-991-4626 
KENNETH H. COOPER. M.D., M.P.H. 	 CHARLES L. STERLING. Ed.D. 
Chairman 	 Executive Director 
STEVEN N. BLAIR, P.E.D. 	 SUSAN B. JOHNSON, Ed.D 	 HAROLD W. KOHL III, Ph.D. 
Director of Research Director 	 Director, Childhood 
Director, Epidemiology and Clinical Applications 	 Connnuing Education 	 and Adolekvnt Health 
MARILU D. MEREDITH. Ed.D 
Director, Management 
Information Saviors 
BRENDA S. MITCHELL Ph.D. 	 JOEL W. WOODBURN, D.D.S. 
Director, Behavioral Science Director 
and Health Promotion 	 Development 
April 14, 1995 
Joanna Lynn Bokovoy, RN, DrPH(c) 
24570 Stewart Street, Apt. 1 
Loma Linda, CA 92354 
Dear Ms. Bokovoy: 
This letter is in response to your request to use the Aerobics Center Longitudinal Study 
(ACLS) Cardiorespiratory Fitness Classifications (Quintiles of Fitness) for your research 
project. We grant you permission to use and publish the ACLS Cardiorespiratory Fitness 
Classifications. 
Best wishes for success with your research project. Please let us know if we can further 
assist you in any way. 
Sincerely yours, 
Steven N. Blair, FED 
Director 
Department of Epidemiology and Clinical Applications 
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Joanna Lynn Bokovoy, DrPhl(c), RN 
20898 East Berry Plate 
Aurora, CO 80015 
(in cooperation with:) 
The Cooper institute for 
Aerobics Research 
12330 Preston Road 
Dallas, Texas 75230 UM 
FAX COVER SHEET 
DATE: November 20, 1995 TIME: 3:46 PM 
TO: Dr. G. Biackbum FAX + 617-632-0235 
FROM: Joanna L Bokovoy, RN, DrPH PHONE: + 303-580-4276 
FAX: + 303-680-3367 
Number of pages including cover sheet 3 
Mos5ag• 
Dear Dr. Blackburn: 
respectfully request the use of the 'Classifieetions of Weight. using Body 
Mass index" table (using the 164 pound reference man). This table was 
published in: Blackburn, G. 8 Kanders, 6. (1987). Evaluation and 
treatment of the medically obese patient with cardiovascular disease. 
American Journal of Cardiology, 60(12), 55G-58G. 
I am using it in my dissertation to classify levels of obesity and to identify 
weight change (a decrease in at least one level of obesity between first 
and second visit). I will be publishing the classification table in my 
dissertation, if it is acceptable with you. 




Joanna L. Bokovo , N. DrPH(c) 
App 
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